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Background: Olympic combat sports are commonly considered dangerous, however injury rates for 
these sports are not well understood. Isolated studies in combat sports have investigated injury, 
however these are mainly during competition, and therefore are unlikely to include significant or 
persistent injury which prevents athletes competing and participating in data collection. This thesis was 
undertaken as a series of linked studies, to provide further detail into the types, mechanisms and 
aetiology of injuries in combat sports. 
Methods:  Study 1 was a systematic review that utilised the PRISMA guidelines to investigate the 
current evidence. Study 2 was a repeated measures study to examine the reliability of training load 
measures. Study 3 employed a longitudinal study design to assess the feasibility of injury, illness and 
training load monitoring. Finally, Study 4 was a cross-sectional cohort study that gathered perspectives 
of combat sport coaches and managers before and after an injury and illness prevention workshop. 
Results: Study 1 found one high-quality epidemiological study with low risk of bias in Judo. Variation 
in injury and illness definitions prevented cross-sport comparisons, however the injury incidence was 
comparable to other sports. In Study 2, rating of perceived exertion (RPE) was shown to have good 
stability across sessions (ICC=0.84), and no significant differences were found between coach 
(observed) and athlete (experienced) RPE (ordered logistic regression coefficient = 0.47 [1.51–0.57 
95%CI]). Study 3 found that athlete engagement with the monitoring system was low, with only 13% of 
athletes entering data across a 12-week period. Irrespective of low engagement, 62 injuries and 
illnesses were recorded. In Study 4, combat sport coaches and managers were found to be generally 
well informed of the risk and seriousness of injury and illness, however, illness risk perceptions changed 
after the workshop (p=0.048). 
Discussion and Conclusion: Currently, cross-sport comparisons are not possible due to varying data 
methodology and study quality. Based upon the results presented in this thesis, RPE can be used as a 
tool to quantify training load in the sport of judo. Longitudinal surveillance of training load, injury and 
illness in combat sport is not currently feasible within the Australian system, due to low uptake and 
engagement. However, the collection of data on a large number of injuries and illnesses indicates that 
athletes are experiencing multiple, repeated health problems. Coaches and managers are well informed 
2. ABSTRACT 
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about injury and illness risk and seriousness, indicating that injury and illness prevention education 
alone may not translate to a decrease in injury and illness incidence in combat sport. 
The following statement is reproduced from Federation University Australia’s HDR Examination 
Procedure, policy RS1938. 
Except where explicit reference is made in the text of the thesis, this thesis contains no material 
published elsewhere or extracted in whole or in part from a thesis by which I have qualified for or been 
awarded another degree or diploma. No other person's work has been relied upon or used without due 
acknowledgement in the main text and the list of references of the thesis. No editorial assistance has 
been received in the production of the thesis without due acknowledgement. Except where duly 
referred to, the thesis does not include material with copyright provisions or requiring copyright 
approvals.  
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The occurrence of injury and illness during preparation for competition can have significant 
negative consequences on an athlete’s performance.1  Combat sports involve intentional body contact 
through combinations of striking, kicking, and throwing and therefore are anecdotally referred to as 
‘dangerous’. Despite this reputation, the combat sports of judo, boxing taekwondo and wrestling are 
sanctioned as part of the Olympic Games, with 56 Olympic medals collectively available across the 
sports. Medal tallies and performances are used by the Australian Olympic Committee (AOC) to indicate 
the health of the Australian sports system.2 Because of the potential for substantial impact on 
Australia’s medal count, the Australian Institute of Sport (AIS) made combat sport a priority area in 
2014.3 
For the purposes of this thesis, the term ‘combat sport’ refers to boxing, judo, taekwondo and 
wrestling. Recommendations handed down from the Australian Olympic and Paralympic Committees 
indicate that sports with lower numbers of participants and less funding, such as combat sports, should 
aim to achieve funding efficiencies by pooling knowledge and resources.2 An example of such a 
collaboration is the Olympic Winter Institute of Australia,2 where collaborative snow-sport programmes 
have led to increased medal counts at the Winter Olympics. This, in combination with the 
recommendation that cross-sport strategies for applied research be investigated, is a principal reason 
why epidemiology (injuries and illnesses) is examined across the combat sports within this thesis. There 
are also similarities between the combat sports which may allow for primary, secondary and tertiary 
prevention strategies to be implemented across the sports.4 
Primary prevention involves the removal or control of known risk factors. An example of this is the 
use of seatbelts in motor vehicles. While a seat belt will not prevent car crashes, seat belts have been 
shown to reduce the severity of injury in such events.5 6 Another example is the use of sunscreen to 
reduce the likelihood of developing certain types of cancer.7 8 In a sporting context, the use of ankle 
braces or tape have been shown to reduce the incidence of ankle sprains in basketball.9 In combat 
sport, a primary injury prevention strategy could be to remove or limit body contact. However, due to 
physical contact imbedded within the rules of combat sports, this may not be possible without 
significantly changing the sports themselves. Removal of other risk factors such as rapid shifts in training 
load may be more feasible, along with a focus on secondary prevention strategies, aimed at early 
detection and early treatment of injuries and illnesses. Examples of secondary prevention in the public 
7. INTRODUCTION  
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health realm are the implementation of national screening programmes, such as pap smears. These 
programmes assist in early detection of cervical cancer, so that early treatment can be sought.10 11 
Prevention strategies aimed at early detection of injury and illness risk and occurrence may be more 
appropriate in the unique context of combat sports. Much like regular GP visits are an opportunity for 
the general public to monitor their health, self-report tools are an avenue to gather information directly 
from athletes to detect and deal with injury and illness before they begin to impact on performance. 
Finally, tertiary prevention strategies are focused on reducing the complications of injury or illness after 
they have already occurred. An example of tertiary prevention is the use of strengthening exercises for 
the quadriceps and hamstrings to prevent anterior cruciate ligament (ACL) re-injury, as these muscles 
can reduce excessive force on the ACL.12 Sustaining a second, contralateral ACL injury is common, 
particularly in females, and strengthening exercises have also been prescribed to reduce this particular 
complication.13 Within this thesis, all three levels of prevention focus will be considered in the 
investigation of the epidemiology of injuries and illnesses in combat sports. 
This thesis will be underpinned by a number of Stages within the Translating Research Into 
Prevention Practice (TRIPP) framework: (I) Injury and illness surveillance and (II) aetiology, (V) describe 
the intervention context to inform implementation strategies, as applied to combat sports.14 The overall 
aim of this thesis is to provide foundational knowledge around injury and illness in combat sports which 
can then be translated into specific injury prevention practice in the future. Australian elite boxing, 
judo, taekwondo and wrestling athletes, collectively referred to as combat sport athletes, are striving 
to win medals at the Olympic Games. Wrestling is only included in the systematic review (Chapter 10, 
Page 47) but not present in subsequent chapters due to access to athletes and logistical restrictions. 
The objective of this thesis is to determine the incidence, prevalence, mechanisms and timing of injuries 
and illnesses across and within the Olympic codes of boxing, judo and taekwondo. This work builds a 
foundation of knowledge to not only optimise training and improve performance, but to investigate the 
safety of Australian combat sports in comparison to other contact sports. Due to the recognised 
negative impact of illness on performance,15 illness is investigated alongside injury in this thesis. 
7.1. BACKGROUND 
7.1.1. Defining epidemiology and the working definitions utilised in this thesis 
Epidemiology relates to the study of the incidence, distribution, and potential control of disease 
and injury, and other health factors.16 It is the keystone of public health as it involves the investigation 
of patterns, causes and effects of disease. Epidemiology shapes public policy decisions, and, in the 
[19] 
 
realm of sport, epidemiological research can change the nature and funding of sports programmes, 
both recreational and elite. In this thesis, the epidemiological focus is on combat sport programmes, 
with an emphasis on factors that influence how this research is able to be performed in this unique 
setting. 
The definitions that are employed to collect injury and illness can have a significant impact on the 
data collected within a sport.17 According to the IOC, three classifications of injury and illness definitions 
exist: (1) sports incapacity, (2) clinical examination, and (3) athlete self-report.16 Naturally, a definition 
can belong to more than one classification, for example, an athlete presents to the medical team with 
an injury and illness (clinical examination) after losing a day of training (sports incapacity). Typically, 
injury and illness information is gathered by multiple parties such as a physiotherapist, coach or medical 
doctor. For example, the coaching team records events of sports incapacity, while the medical team 
records any clinical examinations.  A current limitation in the sports epidemiology literature is that 
athlete self-report injuries, alongside most illnesses are not often captured. If an athlete sustains an 
injury and illness, decides not to seek treatment and continues to train, the issue is not recorded even 
if there is a negative impact on their daily performance. With increasing evidence that modified training 
due to injury and illness can also lead to a loss in performance,1 18 the working definitions of an 
epidemiological study must allow for the capture of self-reported injuries and illnesses. The consensus 
statement for injuries in Rugby Union attempted to solve this puzzle by allowing the collection of 
self-reported injuries.19 Injury was defined as ‘Any physical complaint, which was caused by a transfer 
of energy that exceeded the body’s ability to maintain its structural or functional integrity, that was 
sustained by a player during a rugby match or rugby training, irrespective of the need for medical 
attention or time-loss from rugby activities’.19 This definition allowed athletes to report on physical 
complaints that may not need medical attention or result in a loss of training or competition time. 
Consensus statements in other sports have also recognised that illness was a problem alongside 
injury.20 21 One such statement has been put forth by FINA aquatic sports, which defines illness as ‘A 
complaint or disorder experienced by an athlete not related to injury, regardless of whether it received 
medical attention or its consequences with respect to impairments in training or competing in an 
aquatic discipline’.20 With mounting evidence that prevention research in sport should focus on both 
injury and illness, in this thesis both are collectively defined as ‘Any injury, illness or health problem that 
has affected the volume or quality of training or competition’22. Throughout the thesis, injury and illness 
are collectively referred to as ‘heath problems’.  
[20] 
 
7.1.2. Why prevent injury and illness? 
Injury and illness are recognised as a major cause of time-loss events during training and 
competition.4 23 24 Within team sports, the availability of players for competition can affect the overall 
team ladder ranking.24 25 A similar pattern exists in individual sports such as track and field; athletes 
who complete 80% or more of their planned training are seven times more likely to reach their 
performance goals.1 Previous injury, as far as 6-months prior to competition, can have negative 
ramifications on performance.1 These findings are not exclusive to injury, as illness has also been shown 
to negatively impact an athlete performance.1 25-27 Sporting bodies are now taking a proactive approach 
to assist athletes in achieving uninterrupted blocks of training by putting injury prevention programmes 
in place.28 
Historically, the treatment of injury and illness by medical professionals such as physiotherapists 
and doctors have been within a reactive model, which is where the athlete seeks professional treatment 
after sustaining significant injury and illness.4 This model prioritises treatment, rather than prevention, 
and so does not focus on preventing the occurrence of injury and illness. Financial and time efficiencies 
are incentives to move towards prevention models of care, whereby the sports structures are set up to 
reduce risks of common injuries and illnesses within the sport, identify early warning signs of injury and 
illness, and seek treatment before the health problem begins to negatively impact the athlete. For 
instance, savings of between $15,000-$24,000 per prevented anterior cruciate ligament injury are 
possible under a prevention model.29-31 Epidemiological research required to inform the 
implementation of proactive care models in combat sport is yet to be undertaken Australia. Training 
centres in Great Britain and Japan have collected such data, which informs practitioners about the site, 
type and mechanisms of prevalent common injuries, and allow implementation of targeted prevention 
programmes.32 33 
7.1.3. Frameworks which support this thesis 
The overarching theoretical framework underpinning this thesis is the Translating Research into 
Injury Prevention Practice (TRIPP) framework.14 The TRIPP framework has six Stages which provide clear 
and measurable steps in transforming injury prevention research into injury prevention practices. Stage 
one establishes the extent of injuries through surveillance, Stage two addresses how, when and why 
injuries occur and Stages three to six relate to the development and implementation of preventative 
measures.  
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This thesis aims to address Stages one, two and five of the framework, which investigate how and 
where injuries may occur, and determine areas where injury prevention strategies could be 
developed.14 Stages three, four and six are not addressed in this thesis, as the sports structures are not 
currently set up to allow researchers regular access and oversight of prevention programmes. 
Specifically, this thesis investigates injury and illness within the current combat sport structures (TRIPP 
Stages one and two), and provides foundational knowledge on the intervention context of combat 
sports (TRIPP Stage five), so that future researchers will be able to implement targeted prevention 
programmes that are primed to address the challenges of implementation within this unique 
environment. 
In order to enhance the effectiveness of prevention programmes, the implementation approach 
must be taken into account, alongside the content and nature of the programme. Without an effective 
implementation approach, such as communication to relevant stakeholders and the provision of 
support during implementation, prevention programme information may not reach the end users – the 
coaches and athletes.34 35 Whilst the TRIPP framework is effective for developing injury prevention 
strategies that have real world impact, the Reach Efficacy Adoption Implementation and Maintenance 
(RE-AIM) framework helps guide ‘how’ the strategies can be most impactful.36 This framework is a tool 
to identify and address gaps in the implementation process and includes five sections: Reach, 
Efficacy/effectiveness, Adoption, Implementation, and Maintenance. Within the Reach section, the 
target cohort is described, including the cohort size, the proportion of the population that this number 
represents, and how representative the cohort is of the population. Efficacy/effectiveness relates to 
the positive and negative impacts of the prevention programme on cohort health, quality of life and 
economic outcomes. In the Adoption section, those willing to initiate a programme are described, 
including the settings and delivery agents of those willing to implement. Implementation relates to the 
extent to which an intervention is implemented and the associated time and cost. The Maintenance 
section details whether, and to what degree, the intervention is sustained over time. This RE-AIM 
framework has also been adjusted to become a checklist to assess implementation research,37 and 
while the reliability and validity of this method has not yet been investigated, the method does allow 
close analysis of the gaps in how new programmes are diffused into sports practice. All of the 52 unique 
trials in team ball sports that were assessed using the RE-AIM framework as a checklist were found to 
be lacking in two key areas: Adoption and Maintenance.37 Given that the purpose of developing and 
implementing prevention programmes is to affect long-term change in health, quality of life and 
economical outcomes, it is concerning that information about these two sections are lacking in the 
current literature.  
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To assist with the process of adoption and maintenance of programmes, an additional framework 
can be utilised alongside the RE-AIM framework. Intervention Mapping (IM)38 has been successfully 
utilised in rugby union to translate prevention research into daily practice. 39 40 In particular, Stage 5 of 
Intervention Mapping which contains seven tasks. As detailed in the rugby study, these tasks were to 
(1) identify potential personnel who may be key drivers (adopters and implementers), (2) Establish a 
planning group for programme adoption and implementation, (3) Determine performance objectives 
for both programme outcomes and key drivers, (4) Identify the influences on the key drivers, (5) Link 
tasks 3 and 4 to create goals for change, (6) Investigate practical and theory-based solutions to enhance 
programme adoption and implementation, (7) Design materials and resources to put tasks 1-6 into 
action. If applied to combat sport, the seven steps could look as follows: (1) Local and high-profile 
national coaches as key drivers, the context are local clubs, likely operated as sole-trader businesses, 
(2) Planning group could include national head coach, local coach representatives, and combat sport 
researchers, (3) Answer the question ‘What do coaches need to do to make this work?’, (4) Influences 
on key drivers could include combat sport business finances, sports government and commercial 
funding, club structure (new and experienced athletes training in same class), coach time-management 
and education, access to resources etc. (5) Separate out adoption and implementation determinants 
and for each ask ‘What is it about this that needs to change so that coaches can do what they need to 
do?’, for example, ‘What skills do coaches need to develop in order to be able to effectively manage 
the development of multiple athletes?’ (6) Re-organise change objectives to decide whether they rest 
with the athlete, coach, club, organisation or government and which are feasible to change, (7) 
Generate a list of activities and resources that address information in tasks 1-6, for example, develop 
and provide a course on time-management skills targeted to coaches working with multiple national 
level athletes.  
Utilising both Step 5 of Intervention Mapping and the RE-AIM framework, the development and 
diffusion of the Mayday Safety Procedure (MSP) for safe tackling practices in Australian Rugby union 
has been described.40 The study included an implementation group and a control group, and while 
response rates were low and there may have been some biases introduced due to behaviour being 
self-reported, the results were promising. Coaches were identified as the target audience for a range 
of diffusion activities, which included player monitoring, development of a coach code of conduct and 
duty of care, provision of MSP collateral, email reminders and text messages, and physical 
demonstrations of MSP throughout the season. This range of activities was successful in increasing 
coach knowledge about MSP, increasing the frequency of coach-led of MSP training for players, and 
increasing recognition that a policy was in place requiring coaches to regularly train players in the MSP. 
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This is an example where the knowledge, skills and beliefs of coaches’ in an injury prevention 
programme were effectively changed, and provides researchers with a method to accurately assess this 
in future.  
As mentioned previously, often the assessment of programme adoption and maintenance is 
missing from prevention research.37 In certain contexts is it not always possible to physically assess 
implementation, and in these cases, intent to implement can be utilised as an outcome measure.41 A 
theory which describes the link between behavioural intent and subsequent action is the Theory of 
Planned Behaviour (TPB). This theory is based on the premise that intent is the strongest predictor of 
ensuing behaviour. In the context of a coach being encouraged to implement an injury prevention 
programme, their intent is associated with their attitude towards injury prevention generally, their 
subjective norms around injury prevention, and their perceived behavioural control over injury 
prevention. Intent to implement has been previously investigated in two soccer studies, one in female 
adolescent soccer where neuromuscular training was implemented,42 the other in elite female soccer 
where an ACL injury prevention programme was implemented.34 The study on the elite cohort utilised 
assessors to document the degree to which the programme was correctly and completely followed,34 
whereas the study on adolescents relied on coach self-reports of behaviour.42 Results from both studies 
showed that coaches’ intent to implement did not relate to their actual behaviour. In one study, 60% 
of coaches’ trialling the injury prevention programme indicated they would like to start or continue 
using the programme, whereas only 23% of coaches actually followed through on this intent.42 Of the 
88% of coaches in the other study who agreed with the statement ‘I plan to implement an ACL injury 
prevention programme with my soccer team’, only 53% followed through and there was high variability 
in the way the programme was implemented.34 
While the TPB is widely utilised, a recognised weakness of the model is that the gap between 
intention and behaviour is not acknowledged.43 This gap is considered in an alternative model, the 
Health Action Process Approach (HAPA) model, which has been utilised in studies on healthy eating,44 
exercise interventions for lifestyle-related disease,45 46 injury rehabilitation47 and self-examinations of 
breast tissue48 to better understand how to maximise action after building intention, and how this new 
action can be sustained over time. Similar to the TPB, the first part of the HAPA model relates to building 
intention of participants to act on information. A sport-specific example could be the intention of 
coaches to implement a knee injury prevention programme in their athlete’s warm-ups. In this 
motivational phase, coaches could be shown how to perform a prevention programme (action self-
efficacy), the benefits could be highlighted (outcome expectancies), and the statistics of knee injury 
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could be presented (risk perception). The difference between the two models is that the HAPA model 
includes a specific ‘the post intentional phase’ (highlighted), which is an additional phase located 
between intention and action (Figure 1). During the post intentional phase, barriers can emerge and 
participants can revert back to old behaviours or not perform their new behaviours.43 49 This can happen 
even when the their intent to perform the new behaviour is high, and assists in explaining why intent 
is not a strong predictor of subsequent behaviour.34 42 43 To maximise subsequent action and long-term 
behaviour change, two types of plans must be developed during the post intentional phase: action plans 
and coping plans.43 
 
Figure 1 : The Health Action Process Approach model, with the action and coping planning phase 
shaded to highlight the additional stage between intention and implementation (adapted from 
Schwarzer and Renner, 2000).49 
Again, utilising coaches as examples, during this phase coaches could develop action plans of how 
they may implement a knee injury prevention programme in their warm-ups (best case scenario). 
Additionally, coaches develop plans for unforeseen circumstances (worst case scenario coping plans). 
An example could be planning how to cope with athletes who are constantly late, arriving in the middle 
of the warm up when the injury prevention programme is being performed. The results from the 
aforementioned studies utilising the HAPA model indicate that action planning and coping are effective 
methods to promote long-term behaviour change.43 45-48 A following Section (7.5, Page 36) details the 
challenges that are unique to combat sports which must be considered when designing prevention 
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programmes and building action and coping plans. Preparation for these specific challenges will 
positively affect the real-word application of combat sport injury and illness prevention programmes. 
7.2. GENERAL PREVENTION PRACTICES ACROSS SPORT 
7.2.1. Injury and illness surveillance and monitoring 
In order to develop appropriate and effective prevention programmes specific to the injury and 
illness profile of a particular sport, a comprehensive analysis of injuries and illnesses within that sport 
is required. In the past, information collected by team combat sport medical personnel has been utilised 
to capture such data.32 33 For countries that can afford to employ medical personnel the capture of 
injury and illness data is a relatively straightforward process. Athletes either present directly to the 
medical team or they are referred to the medical team by coaches or support staff. Such programmes 
exist in England and Japan for boxing and judo, respectively, and have produced high-quality 
epidemiological research.32 33 Alternatively, when athletes are spread across the country, or an 
organisation is not able to hire medical personnel to collect and report on injury and illness data, an 
option is to employ an athlete self-report monitoring tool. With many athletes owning or having access 
to electronic devices, monitoring tools can be easily administered over the internet.1 Injury and illness 
occurrence and training load are already a major focus of data collection across a range of sports 
organisations and the Australian Institute of Sport has built one such system called the Athlete 
Management System (AMS; Smartabase, Fusion Sport, Brisbane, Australia). The AMS was developed in 
response to recommendations by the Australian Olympic and Paralympic Committees which state that 
an Australian Institute of Sport-led central repository be developed and accessible to all sports.2 Injury 
and illness questionnaires22 have been built into the system and are available for athletes to complete 
on a weekly, fortnightly, or monthly basis (Figure 2). 
 
 
 
 
Figure 2 : Athlete Management System’s inbuilt version of the Health Problems Questionnaire 
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The more frequently an injury and illness questionnaire is administered, the greater the capture of 
recurrent events.22 Recurrent events can sometimes be overlooked in questionnaires which involve a 
longer recall period as athletes typically recall more severe or significant events.22 The picture painted 
by previous literature of injury incidence and prevalence in combat sport may not be accurate, as injury 
questionnaires were administered solely at competitions.50-59 Athletes who were unable to compete at 
the time did not contribute data, therefore data on all significant injuries in all athletes may be missing. 
Collecting data only at competition also introduces survival bias, whereby athletes who were already 
injured or ill may not have been present at the competition, and therefore the observed injury and 
illness patterns may not accurately reflect those present in the daily training environment. By 
administering questionnaires both in and out of competition survival bias can be reduced. Weekly 
administration of injury and illness questionnaires has been found to be superior to monthly for the 
capture of injuries and illnesses which consistently affect an athlete during the surveillance period.22 
In epidemiological research, the terms ‘repeat’, ‘recurrent’ or ‘multiple’, and ‘overuse’ have been 
used to describe injuries that are somehow linked.14 Contemporary investigation shows that injuries 
can still be related even if they occur at different locations within the body.14 To describe how injuries 
are related the Subsequent Injury Classification (SIC) model has been developed.14 60 Under this model, 
new injuries in the surveillance period are recorded as ‘index injuries’ and any injury thereafter is 
classified as a ‘subsequent injury’. When more than two injuries are recorded in a certain time period 
the injuries must be analysed to determine whether a third injury is a new index injury or is a 
subsequent injury, and therefore result of an index injury.60 This result suggests that monitoring tools 
must allow the capture of related or recurrent injuries. 
Injuries and illness which occur multiple times may be ignored if the working injury and illness 
definitions involve only time-loss (i.e. missed training or competition).61 Modified training can be as 
detrimental to performance as lost training,15 therefore a self-report tool must be able to capture all 
injury and illness events, regardless of whether they result in lost training time. To address, what the 
authors termed ‘overuse injuries’, a questionnaire was developed by the Oslo Sports Trauma Research 
Centre (OSTRC).62 The difference between this and previous injury questionnaires was the inclusion of 
four key questions relating to the degree to which participation, training volume, performance, and 
pain have been affected by problems in a particular anatomical area.  For example, ‘To what extent 
have knee problems affected your performance during the past week?’, to which there were four 
response options, ranging from ‘No effect’ through to ‘Cannot participate at all’.62 To provide a 
comparison, time-loss injuries were recorded by coaches using weekly medical reports, as 
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recommended within consensus statements.19 20 Using the new methods, 313 athletes registered 419 
repeated injuries over the 13-week study period. In comparison, only 40 repeated injuries were 
captured through medical reports. The authors concluded that this new method is more effective at 
capturing injuries which affect training quality and provides a means to quantify injury burden.62 Some 
limitations exist with this tool, for example, there were 17% of cases where the authors suspected 
minor pain reported by the athlete may have been ‘normal’, and perhaps delayed-onset muscle 
soreness. Athlete honesty and pressures to perform were also cited as limitations, alongside the 
inability to gain a clinical definition from athletes who may not have detailed clinical knowledge 
themselves.62 Despite these limitations, a higher number of recurrent issues were recorded then when 
using a standard questionnaire referring to medical attention or time-loss ‘injuries’ or ‘illnesses’.  
Following this work, the OSTRC developed an updated version of the questionnaire, in which they 
re-phrased the term ‘injuries’ to become ‘health problems’, allowing illness to be captured alongside 
injury.22 Additionally, the frequency of questionnaire administration was investigated in relation to the 
number of health problems recorded. The results showed that more than one in three athletes 
experienced a health problem (injury and illness) at any given time, that overuse injuries were more 
common than acute injuries, and the most health problems were captured utilising a weekly 
questionnaire.22 This change in labelling of ‘injury’ to ‘health problems’ may have important 
ramifications as to how prevention programmes are developed and implemented, as the definition 
allows the simultaneous capture of injury and illness. Additionally, it allows capture of information 
relating to the severity and duration of health problems which do not affect training time, but 
nonetheless have an impact on athlete performance or quality of life. Utilising such a questionnaire to 
capture injury and illness data may provide a very different picture of the incidence and burden of 
health problems in combat sport. Furthermore, taking training load into account may assist in 
understanding how the physical demands of training can contribute to injury risk in these contact 
sports.   
7.2.2. The relationship of injury and illness occurrence to shifts in training load 
Evidence for training load as a risk factor for injury is known to exist in nine sports.4 Higher 
occurrences of injuries 23 63-69 and illnesses 67 70 have been attributed to rapid increases in training load. 
Training load can be calculated by using external or internal variables, or a mix of both. 23 63-68 71 External 
variables include distance or repetitions (kilometres of running or sprinting, number of shots on goal or 
balls bowled),64 66 69 72 whereas internal variables can be physiological ((blood lactate and heart rate) or 
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psychophysical (Rating of Perceived Exertion and the NASA Task Load Scale).23 65 71 73 74 Athlete self-
report forms within the AMS are the primary method of data collection for the AIS and are used to 
monitor the training loads across a number of Olympic sports (Figure 3). The AMS is a medico-legal 
repository for athlete health and training-related information accessed by an athlete’s, coaches and 
support staff from computers, phones or tablets. 
Training load, injury and illness monitoring via the AMS has successfully been implemented in track 
and field, and epidemiological and training load data have been linked with performance success or 
failure.1 Training load monitoring involves a comparison of an athlete’s recent training history with the 
training they had performed in the previous week. Recent training history has been defined as an 
athlete’s ‘chronic training load’ and can be calculated by averaging four weeks of daily training data to 
get an average daily chronic training load. The chronic load is then compared to the ‘acute load’ which 
is the average daily load of the last seven days of training. Researchers and clinicians at the Australian 
Institute of Sport have collaborated with prominent sports team staff across a number of consensus 
meetings to determine thresholds of training load shifts which are related to increases in injury risk. 
These have been determined as >150% moderate risk of injury alone, > 200% high risk of both injury 
and illness.18 Maintaining moderate to high chronic training loads and avoiding rapid increases in 
training load are recommended to reduce the risk of injury in athletes. 18 26 75 To date, there have been 
no investigations into the training load of combat sport athletes. However, such investigation may be 
worthwhile as combat athletes utilise short, intensive camps and multiple competitions each year to 
develop and test their skills, potentially leading to rapid shifts in load and the associated increases in 
injury and illness risk. 
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Figure 3 : Example of self-report training load forms within the AIS Athlete Management System 
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7.2.3. The role of the coach in injury and illness monitoring and prevention 
It has been acknowledged that Australia’s coaches are directly related to the country’s future 
sporting success,2 and that coaches play a significant role in the injury prevention process.28 Coach and 
athlete endorsement are the most important social-environmental factors for promoting the initial 
uptake of an Athlete Self-Report Monitoring (ASRM) system.76 The coach’s voice as an advocate for 
injury prevention becomes paramount in sports such as combat which neither have the social pressures 
of a team environment nor dedicated support staff. 
In the most recent Australian Olympic Committee report, released in 2009, coach education and 
upskilling were identified as a key area for improvement.2 Coach education about the importance and 
effective execution of a lower limb injury prevention programme has been a focus of a recent study in 
Australian football.28 It was found that early involvement of a range of stakeholders, from researchers 
to coaches, to community end users is critical to a programme’s success.28 Intervention Mapping 
(Section 7.1.3, Page 20) was utilised to determine the primary programme adopters and implementers 
in the daily training environment, and a range of targeted implementation activities were identified for 
this group. This study demonstrates practically how research can be transformed into practice by 
breaking the implementation process down into manageable and actionable tasks.28 Despite showing 
that the process is worthwhile, some challenges were cited. These include a larger time commitment 
than previous programme implementation approaches, the seasonal nature of the sport and the 
reliance on volunteers within Australian community sport.  While combat sports are not seasonal, 
volunteers also make up a large portion of the combat sport workforce. This, in combination with an 
additional time burden placed on coaches who are also business owners, is likely to affect the success 
of implementing such an approach within combat sport. Nevertheless, it is worthwhile addressing these 
challenges and attempting to implement a similar approach in combat sport to increase the impact and 
circulation of injury and illness prevention programmes. 
7.3. KNOWLEDGE GAPS 
At the start of this PhD study, the quality of the data on injury and illness in combat sport was 
unknown. Many studies had investigated competition injuries, yet these cross-sectional snapshots did 
not give insight into those who were too unwell to compete. The purpose of epidemiological 
investigation is to understand which injuries and illnesses athletes are suffering from and determine 
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how they may be avoided. In sport, it is to understand patterns, causes and effects of injuries and 
illnesses. Leading on from epidemiological research is prevention research, which targets specific 
injuries and illness that have the greatest negative impact on sportspeople. Considering that 
epidemiological data is the foundation for these prevention programmes, it is imperative that the 
quality of published literature be assessed for risk of bias and any identified gaps are addressed in the 
methodology before the information is to be treated as true and accurate. This is the focus of Chapter 
10 (Page 49) of this thesis. 
7.3.1. The use of monitoring programmes for combat sports have not been examined 
An injury, illness and training load monitoring programme is currently available to the Australian 
high performance combat sports to utilise in order to manage injury and illness risk of their athletes. It 
is understood that rapid shifts in training load increase the risk of injury occurrence,71 75 77 therefore 
coaches, practitioners and sporting organisations are investigating ways to monitor load in order to 
intervene early or avoid such situations. A range of variables have been utilised in the literature to 
monitor athlete training load, some are general in nature and are utilised across a range of sports, and 
others are associated with sport-specific injury risk, and therefore their application is limited. General 
variables include blood lactate and heart rate, both of which have a sound scientific basis for 
determining exercise intensity in both intermittent78-80 and endurance-type81-83 activities. Rating of 
Perceived Exertion (RPE) is another general variable and due to its ease of use and lack of required 
equipment, RPE is often featured alongside blood lactate and heart rate.1 64 65 71 84 Sport-specific 
variables utilised in monitoring programmes include, but are not limited to, throw counts for monitoring 
shoulder injury risk in water polo69 and lumbar stress fracture in cricket66 and time at high-speed 
running for hamstring injury risk in Australian football.85 Sport-specific variables are typically identified 
using a framework such as TRIPP. Firstly, the injury patterns in the sport are investigated, including how 
the injury occurred, and then a prevention plan is designed from the findings. For example, at the AIS, 
volleyball injuries and illnesses were collected utilising the AMS.2 Results from the collection of these 
data indicated that injury was a significant problem for volleyball athletes.86 87 Further investigation 
showed that jumping load was related to injury occurrence, and therefore, the number of jumps in a 
session could be utilised as a load variable.86 87 As a result of this research, the AIS volleyball programme 
now utilises accelerometers in daily training to monitor jumping load in training and in preparation for, 
and during, tournaments.88 
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This type of investigation into sport-specific monitoring variables is not yet possible in combat sport, 
as the quality of current injury data is questionable and it is not clear which injuries to target. However, 
general variables such as blood lactate, heart rate and RPE collected directly from athletes can be 
utilised in combat sport, and in fact, implementation of load monitoring using RPE has already been 
recommended by the AIS to all combat sports. As discussed in Section 7.2.1 (Page 26) the AMS is 
available to athletes to log their training. In early 2015, the AMS was made available to combat sport 
and utilised RPE multiplied with session duration to calculate an acute:chronic load ratio, the results of 
which indicate injury and illness risk. To calculate the ratio, the system compares the average of the last 
seven days of training to the average of the last 28 days of training (acute:chronic 1:4 weeks) and 
produces a graph indicating the injury and illness risk for that athlete on the day they entered their 
training. The evidence base for utilising an acute:chronic load ratio to determine injury risk is sound,4 89 
however, the appropriateness of the variables underpinning the acute:chronic calculation (RPE x 
duration) have not been specifically investigated in combat sport. 
7.3.2. Prioritisation of injury and illness prevention 
Across all sports, there has been little focus in the past around injury prevention and a larger focus 
on injury treatment.90 Coaches are supportive of athletes who seek treatment for injuries and illnesses, 
however there are only basic preventative measures in place in the daily training environment, such as 
warm ups and cool downs. In order for coaches to see the value in prevention, they need to be educated 
on the benefits, not only for their athlete’s performance, but also the benefits to retaining more paying 
customers in their combat sport business. 
Adding to the challenge of making prevention a priority, is that injury and illness records are not 
collected or stored through a central repository. This is due to the Australian combat sport system 
relying heavily on non-centralised commercial gyms for athlete training locations. Anecdotally, many 
injuries, such as muscle and ligament sprains and strains, are sometimes recorded on incident report 
forms which are kept on site at the commercial premises or are not recorded at all. Only a few 
circumstances exist where health problems are reported to the sport’s governing body: when elite 
athletes sustain significant injury and request rehabilitation support, when an athlete is injured during 
an Australian camp or competition, or when an insurance claim is submitted. With limited injury and 
illness records to draw upon, little is currently known about the type, severity, mechanisms or aetiology 
of injuries and illness afflicting Australian combat athletes. 
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7.4. INTRODUCTION TO COMBAT SPORT IN AUSTRALIA 
7.4.1. Overview of combat sport structures 
In Australia, businesses within the sport and recreation sector generate 8.8 billion (AUD) annually.2 
Australian combat sport operates from such businesses and athletes train at commercial facilities often 
owned and operated by their coaches. There are no dedicated, public-funded training centres for 
combat athletes, unlike the situation in countries such as Russia or Japan. To be considered part of 
combat sport organisations in Australia, coaches must be qualified through an organisation, such as 
Australian Taekwondo (AT) or the Judo Federation of Australia (JFA), and athletes must pay annual 
registration fees to the same organisation. Registration allows athletes to attend and compete at local, 
state and nationally sanctioned events in order to build up their competitive profile. However, 
registration does not cover the cost of entering competitions, which are separate payments. 
7.4.2. Training facilities, administrative centres, and centres of excellence in Australia and 
overseas 
The highest concentration of combat sport training centres are in Melbourne and Sydney, this likely 
due to these being areas of large population.91 The administrative centres for JFA and Boxing Australia 
Limited (BAL) are located at the AIS campus in Canberra. Wrestling Australia (WA) and AT and do not 
have physical administrative centres, rather all administrative support is provided online. The national 
coach for boxing is on site at the AIS. In comparison, both the national judo and boxing coaches are 
based in Sydney at their own commercial clubs. Currently, BAL is the only governing combat sport body 
with a dedicated Centre of Excellence (COE), which is located at the AIS.91 This COE is focused on elite 
female boxers and was established mid-2017 for World Championship and Commonwealth Games 
preparation under the Australian national head coach. All other elite combat athletes train at their 
respective clubs under the guidance of local coaches. 
Prior to the Sydney 2000 Olympic Games, centralised programmes for boxing and judo were located 
at the AIS. Currently, high-level athletes train primarily in a home club and train with other high 
performing athletes at national and international training camps and competitions. On a national level, 
it is recognised that there is less opportunity for quality international competition across all sports 
compared to those available in places such as Europe.2 To increase these opportunities, athletes often 
travel and live overseas, and money is specifically set aside in sports organisation budgets, such as JFA 
and TA, to cover these expenses.2 In opposition, the centralised European programmes allow high level 
athletes to train multiple times on a daily basis, as the athletes live at their training centres.2 In mid-
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2017, the Judo Federation of Australia implemented an incentive system where judo athletes 
performing well at competitions are reimbursed for part of all of their competition expenses. This 
system, modelled off the UK,2 is a positive step forward in lowering the costs of competition. 
7.4.3. Funding and coaching challenges in combat sport 
Sports science and sports medicine support and research was determined to be a key development 
area in the Australian national high performance plan in 2009.2 Despite this, the majority of combat 
sport funding continues to go towards international training and competition costs, with very little set 
aside for monitoring and supporting athletes.2 Funding requests for 2010 showed that across the four 
combat sports, there were no financial requests under the category of athlete monitoring and 
servicing.2 In comparison, sailing requested almost $400,000, rowing requested over $250,000 and 
both hockey and football requested over $100,000 for athlete monitoring and servicing.2 This is 
potentially due to a lack of funding across Australian sport, summarised in the AOC/APC High 
Performance Plan which noted that funding for high performance sport is significantly lower than that 
of the top five nations Australia competes against for gold medals.2 Combat athletes continue to pay 
for their sports science and sports medicine support themselves, often visiting local practitioners who 
may have limited experience in servicing. Due to the lack of funds directed towards sports science and 
sports medicine support and lack of funds in general, sporting bodies dictate that prevention 
programmes be both targeted and cost-effective. However, without high-quality epidemiological data 
to inform the development of such programmes, they risk being too costly and misdirected. Combat 
sport is not funded to the same degree as the more iconic Australian Olympic sports such as swimming 
or track and field. As such, sporting bodies for boxing, judo, taekwondo and wrestling cannot afford to 
invest in sub-optimal epidemiological research. Therefore, challenges that are specific to combat sport 
which may arise when implementing high-quality research must be addressed to enhance the worth 
and impact for the money spent by these organisations. 
National coaches oversee the development of higher level athletes and often the day-to-day coach 
of Australian combat athletes is their local coach, who may also be the business owner of the 
commercial combat gym where they train. This dual role may lead local coaches to feel time-poor, and 
therefore the implementation of prevention programmes may be perceived to be an additional burden 
rather than a benefit to their athletes and business. Coach and athlete endorsement are the most 
important social-environmental factors for promoting the initial uptake of monitoring system.28 76 
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Obtaining this endorsement is a challenge in combat sport, therefore, emphasising the coach’s role in 
injury prevention may need to include potential positive impacts on their business.  
7.5. CURRENT PRACTICES IN COMBAT SPORT 
7.5.1. Challenges to collecting injury, illness and exposure data 
Due to combat sport facilities being commercial in nature, injury and illness records are privately 
kept by facility owners. The exception to this is when severe injury occurs during training or 
competition, where an injured individual can submit an insurance claim to be covered by the 
organisation’s insurance. In the case of significant injury, hospital data may also exist to describe the 
injured person and their treatment, however this data is not typically released to external organisations 
without specific permissions and usually only provides a partial view of the injuries and illnesses that 
are sustained in sport. A central repository does not exist for combat sport injury in Australia, making 
epidemiological investigation, and development of targeted prevention programmes a challenge. 
In the combat sport literature, exposure measures vary between the studies with some referring 
only to training32 92 and others basing exposure on the number of matches fought within a 
competition.33 54 Competitive matches vary in structure and duration across the combat sports, making 
it difficult to accurately compare injury rates. Table 1 depicts the differences in match time across 
boxing, judo taekwondo and wrestling. 
Table 1 – Differences in match time across Olympic combat sports 
*Footnote to table 1: Between wrestling bouts, rather than rest there are 60 second periods of takedowns or ground 
wrestling. 
As the table above shows, the amount of time spent in matches varies from 4 to 12 minutes. When 
rest is included, match time varies between 4 and 11 minutes. There is no literature to date reporting 
Sport Gender 
Bout 
duration 
(minutes) 
Bouts per 
match 
(number) 
Rest between 
each bout 
(minutes) 
Total fighting 
time per match 
(minutes) 
Total time per 
match including 
rest (minutes) 
Boxing Male 3 3 1 9 11 
Female 2 2 1 4 5 
Taekwondo Male 2 3 1 6 8 
Female 2 3 1 6 8 
Judo Male 4 1 0 4 4 
Female 4 1 0 4 4 
Wrestling Female 3 2-3 
None* 
8-12 8-12 
Male 3 2-3 8-12 8-12 
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match injury rates while explicitly listing the duration of the match and whether any rest between bouts 
was included in the total match time.53 54 56 57 93 The total number of exposures may be a more 
appropriate measure of injury risk in combat sport, competition rather than per 1000 hours 
participation which is more common in team sports, due to the variation in match durations. 
7.5.2. Training load quantification and monitoring in combat sport 
Currently, external variables of load are not utilised in combat sport, as there are no cost-effective, 
validated technologies which can count the number of punches, throws or kicks during a training 
session or competition. Appropriate video analysis technologies for these sports still require 
development, as they currently rely on personnel to spend time analysing the footage in a post-hoc 
fashion. At present, the use of internal variables is more efficacious, specifically psychophysical scales 
such as RPE.94 First developed for workers performing physical labour, RPE is a measure of the effort to 
perform a task.94 The modified Borg RPE scale multiplied with session duration is a method that has 
been adopted across multiple sports.4 26 However, the use of RPE to measure training load has not been 
investigated specifically in combat sport. Despite this lack of supporting evidence, combat sports 
athletes in Australian currently use RPE multiplied by session duration to calculate athlete training load. 
Despite mounting evidence that training load affects performance and injury and illness risk, 
training load monitoring has not been widely implemented in combat sport. Training load data can be 
used for forward planning and training prescription, however there is no evidence to indicate that this 
is consistent practice. From a national perspective, there is little accountability for athletes to show 
their previous training history before attending intense camps, and when an athlete turns up to camp 
without an adequate training base, there is little follow up. In contrast, under the new COE programme 
in boxing, athletes are required to complete their AMS training session data entries as part of their daily 
training routines. This data is used for both forward planning and training prescription by the coaching, 
strength and conditioning and sports science and sports medicine teams. In an attempt to enhance 
performance and accountability, JFA released a ‘funding per win model’ in July 2017, where athletes 
who performed well at sanctioned competitions could apply for a reimbursement of their competition 
costs.95 While this provides some funding for athletes, the programme does not assist in covering the 
costs associated with continued training, such as provision of strength and conditioning, load 
monitoring, nutritional and psychological support. 
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7.5.3. Combat coach views on prevention 
Currently the athlete support structures within the combat sport system in Australia are geared 
towards treatment, rather than prevention. Prevention can be performed in three major ways: (1) 
removal of risk factors, (2) early detection and early treatment, and (3) management of complications.4 
For example, cancer prevention involves: (1) eating healthy, exercising, not smoking, (2) regular health 
checks with a doctor, (3) establishing regular post-treatment physical activity and a healthy lifestyle.4 
Endorsement from key people within professional organisations is the most important 
social-environmental factor for promoting the initial uptake of a new programme, for example, the 
endorsement of a cancer prevention programme from the Department of Health and Ageing within the 
Australian Government. Within sport, the key people to drive implementation of new programmes are 
coaches and athletes.76 Obtaining this endorsement is a challenge for all decentralised sports where 
elite Australian athletes have sporadic contact with elite Australian coaches who may be driving such 
programmes. There is also anecdotal evidence that, in combat sport, injury and illness prevention is not 
considered a priority potentially due to the strong mindset that many combat coaches believe is 
necessary to win.96 The embedded belief of ‘no pain, no gain’ and the high levels of ego associated with 
having one of their athletes win a combat match could provide an additional barrier to educating 
coaches on the benefits of injury and illness prevention.97 Despite these challenges, progress has been 
made with the widely understood and adopted practice of warm ups and cool downs, indicating that 
coaches are capable of implementing prevention practices in the daily training environment of their 
athletes.  
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8.1. AIM OF THE THESIS 
The overall aim of this thesis is to investigate injury and illness in the Olympic combat sports, with a 
focus on training load monitoring as a method to quantify injury and illness risk. Firstly, injury and illness 
literature was systematically collected and assessed, as per TRIPP Stage 1. This provided indication that 
there was enough information to progress through to TRIPP Stage 2. As training load has been identified 
as a risk factor for injury and illness in other sports, the validity and reliability of methods used to 
quantify training load (RPE) were investigated specifically in elite combat athletes. A prospective study 
was then developed to trial new methods to collect data on identified gaps in the systematic review, 
such as training load. The aim of this study was to trial whether such a system would return high-quality 
epidemiological and training load data. Finally, coach beliefs and knowledge of the importance of injury 
and illness prevention in combat sport were investigated. 
Together, this thesis body of work provides a strong a foundation for future prevention research. 
8.2. RESEARCH QUESTIONS 
In order to achieve the overall thesis aim, the following specific questions were addressed: 
8.2.1 What is the quality of prospective epidemiological injury and illness research in the 
Olympic codes of judo, boxing, taekwondo and wrestling? (Chapter 10, published Paper 1) 
8.2.2 What is the level of evidence that injury and illnesses affect athletes in the Olympic codes 
of judo, boxing, taekwondo and wrestling? (Chapter 10, published Paper 1) 
8.2.3 Is RPE a stable and appropriate measure for the load of training matches and sessions in 
judo? (Chapter 11, published Paper 2) 
8.2.4 Is a coach’s rating of an athlete’s exertion during a judo match the same as the athlete’s? 
(Chapter 11, submitted Paper 3) 
8. RESEARCH AIMS AND QUESTIONS 
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8.2.5 Do national coaches agree on ratings of an athlete exertion during judo training matches? 
(Chapter 11, submitted Paper 3) 
8.2.6 What is the rate of uptake and engagement with online tools for injury, illness and load 
monitoring in combat sports? (Chapter 12, Paper 4 in press) 
8.2.7 What is the difference in the number of new and repeated injury codes during the 
surveillance period? (Chapter 12, Paper 4 in press) 
8.2.8 What are the strengths and limitations of the ‘time loss’ and ‘physical complaint’ 
definitions for injury and illness? (Chapter 12, Paper 4 in press) 
8.2.9. What are the baseline perceptions of combat sport coaches and managers in relation to 
the seriousness and risk of injury and illness to athletes within their respective sports?” 
(Chapter 13) 
8.2.10 Can a 90 minute injury and illness prevention workshop change coach and manager 
beliefs relating to the risk and seriousness of injury and illness to athletes within their respective 
sports? (Chapter 13) 
8.2.11 Whom do combat sport coaches and managers believe holds the responsibility for injury 
and illness prevention within their respective sports? (Chapter 13)  
[40] 
 
This PhD research is presented as a thesis with publication, with four publications presented across 
five chapters (Table 2, Page 47). Where the work has been published, or submitted for publication, the 
chapter comprises the material in this form. This means that tables and figures are as in the published 
and submitted manuscripts and have not been renumbered. References contained in each publication 
are listed at the end of the publication, whereas additional references in the body of the introductory 
and summary text of each chapter appear at the end of the thesis. 
9.1. CHAPTER 10 - SYSTEMATIC REVIEW INVESTIGATING PUBLISHED 
LITERATURE ON INJURY AND ILLNESS IN COMBAT SPORT 
The aim of Chapter 10 (Page 49) is to determine the quality of prospective epidemiological research 
and the level of evidence that particular injuries are of concern in combat sport. The publication within 
this chapter is a systematic literature review following the PRIMSA guidelines. Literature was 
systematically searched from 1 Jan 2007 up until May 2016. Prospective studies of injury and illness in 
elite combat athletes lasting more than 12 weeks are included. Risk of bias is assessed using a modified 
version of the Downs and Black checklist for methodological quality. Included studies are mapped to 
the Oxford Centre for Evidence-Based Medicine (OCEBM) levels of evidence. The British Journal of 
Sports Medicine published this article in September 2017. 
Citation  
Bromley SJ, Drew MK, Talpey S, McIntosh A, Finch CF. A systematic review of prospective 
epidemiological research into injury and illness in Olympic combat sport. British Journal of Sports 
Medicine. 2018;52:8-16. 
Nature and extent of candidate contributions 
THE NATURE AND EXTENT OF MY CONTRIBUTION TO THE WORK WAS AS FOLLOWS: 
NATURE OF CONTRIBUTION EXTENT OF CONTRIBUTION (%) 
Principal author responsible for the concept and 
writing up of the manuscript. 
80% 
  
9. THESIS STRUCTURE AND CHAPTER OVERVIEW 
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Nature and extent of co-author contributions 
THE FOLLOWING CO-AUTHORS CONTRIBUTED TO THE WORK. 
NAME NATURE OF CONTRIBUTION 
Dr Michael Drew Second reviewer and quality assessor of included articles. 
Contributed to the concept and editing of the manuscript 
Dr Scott Talpey Contributed to the concept and editing of the manuscript 
Professor Caroline Finch Contributed to the concept and editing of the manuscript 
Dr Andrew McIntosh Contributed to the concept and editing of the manuscript 
Signatures 
I hereby declare that the above declaration correctly reflects the nature and extent of the candidate’s 
contributions to this work. 
CANDIDATE’S SIGNATURE  
 
DATE: 16.10.18 
PRINCIPAL SUPERVISOR’S SIGNATURE  
 
DATE: 16.10.18 
9.2. CHAPTER 11 - CROSS SECTIONAL STUDY EXAMINING TRAINING LOAD 
METRICS UTILISED IN COMBAT SPORT 
The aim of Chapter 11 (Page 53) is to determine the appropriateness of load variables currently 
utilised in combat sports, in particular, the Rating of Perceived Exertion (RPE). Two publications arose 
from this work involving an observational study of judo players, with data collected at an international 
training camp. Approval for this study on judo players was granted by the Human Research Ethics 
Committee (HREC) at Federation University (approval numbers 15-143 and 15-013) and reciprocated 
at the AIS. A letter of support is provided by JFA (Appendix 16.1.1). The first publication from this study 
investigates the stability of, and relationships between, athlete-self reported load variables and blood 
lactate and heart rate utilising intra-class correlations, standard error measurement and minimum 
detectable change. The second examines agreement between coach assessment of an athlete’s load, 
and the agreement between athlete and coach athlete of the athlete’s load utilising intra-class 
correlations. One journal article was accepted by the Journal of Science and Medicine in Sport on 23rd 
February 2018, and the other was submitted to the European Journal of Sport Science on 4th September 
2018. 
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Citation 
Bromley SJ, Drew MK, McIntosh A, Talpey S. Rating of Perceived Exertion is a stable and appropriate 
measure of workload in judo. Journal of Science and Medicine in Sport. 2018:  
pii: S1440-2440(18)30065-3. doi: 10.1016/j.jsams.2018.02.013. [Epub ahead of print] 
Nature and extent of candidate contributions 
THE NATURE AND EXTENT OF MY CONTRIBUTION TO THE WORK WAS AS FOLLOWS: 
NATURE OF CONTRIBUTION EXTENT OF CONTRIBUTION (%) 
Principal author responsible for the concept and 
writing up of the manuscript: 
‘Rating of Perceived Exertion is a stable and 
appropriate measure of workload in judo’ 
80% 
THE NATURE AND EXTENT OF MY CONTRIBUTION TO THE WORK WAS AS FOLLOWS: 
NATURE OF CONTRIBUTION EXTENT OF CONTRIBUTION (%) 
Principal author responsible for the concept and 
writing up of the manuscript: 
‘Differences in observed (coach) and experienced 
(athlete) Rating of Perceived Exertion’ 
80% 
Nature and extent of co-author contributions 
THE FOLLOWING CO-AUTHORS CONTRIBUTED TO THE MANUSCRIPT ‘Rating of Perceived Exertion is a 
stable and appropriate measure of workload in judo’. 
NAME NATURE OF CONTRIBUTION 
Dr Michael Drew Contributed to the concept, data analysis and the writing up of 
the manuscript 
Dr Scott Talpey Contributed to the concept and the writing up of the 
manuscript 
Dr Andrew McIntosh Contributed to the concept and the writing up of the 
manuscript 
THE FOLLOWING CO-AUTHORS CONTRIBUTED TO THE MANUSCRIPT ‘Differences in observed (coach) and 
experienced (athlete) Rating of Perceived Exertion’. 
NAME NATURE OF CONTRIBUTION 
Dr Michael Drew Contributed to the concept, data analysis and the writing up of 
the manuscript 
Dr Scott Talpey Contributed to the concept and the writing up of the 
manuscript 
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Signatures 
I hereby declare that the above declaration correctly reflects the nature and extent of the candidate’s 
contributions to these publications. 
CANDIDATE’S SIGNATURE  DATE: 16.10.18 
PRINCIPAL SUPERVISOR’S SIGNATURE  
 
DATE: 16.10.18 
9.3. CHAPTER 12 - PROSPECTIVE EPIDEMIOLOGICAL PILOT STUDY COLLECTING 
INJURY AND ILLNESS DATA IN AUSTRALIAN COMBAT SPORTS 
The aim of Chapter 12 (Page 62) is to determine whether the implementation of a modern method 
of injury, illness and training load monitoring is feasible in the current Australian combat sport system. 
This is a 12 week observational study of a group of elite and developing judo athletes, with results 
reported descriptively. Approval for this study was granted by the HREC at Federation University 
(approval number 16-023) and reciprocated at the AIS. Letters of support were provided by AIS (16.1.5) 
BAL (16.1.6) and JFA (16.1.7). This publication was submitted to the Journal of Medical Internet 
Research on 28th March 2018, was accepted for publication on 18th June 2018 and is currently in press. 
. 
Citation 
Bromley S, Drew M, Talpey S, McIntosh A, Finch C. Collecting Health and Exposure Data in Australian 
Olympic Combat Sports: Feasibility Study Utilizing an Electronic System. JMIR human factors. 
2018;5(4):e27. 
Nature and extent of candidate contributions 
THE NATURE AND EXTENT OF MY CONTRIBUTION TO THE WORK WAS AS FOLLOWS: 
NATURE OF CONTRIBUTION EXTENT OF CONTRIBUTION (%) 
Principal author responsible for the concept and 
writing up of the manuscript. 
80% 
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Nature and extent of co-author contributions 
THE FOLLOWING CO-AUTHORS CONTRIBUTED TO THE WORK. 
NAME NATURE OF CONTRIBUTION 
Dr Michael Drew Contributed to the concept, data analysis and the writing up of 
the manuscript 
Dr Scott Talpey Contributed to the concept and the writing up of the 
manuscript 
Professor Caroline Finch Contributed to the concept, data analysis and the writing up of 
the manuscript 
Dr Andrew McIntosh Contributed to the concept and the writing up of the 
manuscript 
Signatures 
I hereby declare that the above declaration correctly reflects the nature and extent of the candidate’s 
contributions to this work. 
CANDIDATE’S SIGNATURE  
 
DATE: 16.10.18 
PRINCIPAL SUPERVISOR’S SIGNATURE  
 
DATE: 16.10.18 
9.4. CHAPTER 13 – UTILISING COACH AND MANAGER EDUCATION TO 
TRANSLATE PREVENTION RESEARCH INTO PRACTICE 
The aim of Chapter 13 (Page 66) is to determine the base level of knowledge and beliefs of combat 
sport coaches and managers around the risk and seriousness of injury and illness in their respective 
sports, and to determine whether these perceptions can be changed utilising a 90 minute education 
workshop. The workshop was part of a ‘2020 Vision Combat Coach Course’ organised by the AIS Combat 
Centre. Over 3 days, a range of topics were covered with the aim to improve the knowledge of 
Australian combat coaches. The workshop highlighted the negative effects of injury and illness on 
athletic performance and stepped the participants through the TRIPP framework (Section 7.1.3, Page 
20). Coach and manager responses to the injury and illness survey over time were investigated utilising 
three online surveys containing a range of multiple choice, free-text and Likert scale questions, the 
results of which are analysed by Mann-Whitney U tests. This intervention study involved a pre-
workshop questionnaire, delivery of the workshop, a post-workshop questionnaire 1 week later and a 
follow-up questionnaire 8 weeks later. Approval for this study was granted by the HREC at Federation 
University (approval number 17-027) and reciprocated at the AIS. This Chapter will be re-written into 
publication form after thesis submission.  
[45] 
 
Nature and extent of candidate contributions 
THE NATURE AND EXTENT OF MY CONTRIBUTION TO THE WORK WAS AS FOLLOWS: 
NATURE OF CONTRIBUTION EXTENT OF CONTRIBUTION (%) 
Principal author responsible for the concept and 
writing up of the chapter. 
80% 
 
Nature and extent of co-author contributions 
THE FOLLOWING CO-AUTHORS CONTRIBUTED TO THE WORK. 
NAME NATURE OF CONTRIBUTION 
Dr Michael Drew Contributed to the concept and the writing up of the chapter 
Dr Scott Talpey Contributed to the concept and the writing up of the chapter 
Professor Caroline Finch Contributed to the concept, data analysis and the writing up of 
the chapter 
Signatures 
I hereby declare that the above declaration correctly reflects the nature and extent of the candidate’s 
contributions to this work. 
CANDIDATE’S SIGNATURE  DATE: 16.10.18 
PRINCIPAL SUPERVISOR’S SIGNATURE  
 
DATE: 16.10.18 
9.5. CHAPTER 14 – DISCUSSION OF THE FINDINGS, CONCLUSIONS AND 
RECOMMENDATIONS FOR FUTURE RESEARCH 
Nature and extent of candidate contributions 
THE NATURE AND EXTENT OF MY CONTRIBUTION TO THE WORK WAS AS FOLLOWS: 
NATURE OF CONTRIBUTION EXTENT OF CONTRIBUTION (%) 
Principal author responsible for the concept and 
writing up of the chapter. 
90% 
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TABLE 2 – CHAPTER OVERVIEW AND PAPER AIMS 
Chapter Content Aims 
10. Systematic review investigating published literature on injury and illness in combat sport 
  
Paper 1: A systematic 
review of prospective 
epidemiological research 
into injury and illness in 
Olympic combat sport 
(Published in full) 
 
 
1. To provide an overview of the common injuries and 
illnesses in combat sports. 
2. To provide a summary of the Level 1 evidence to fulfil 
Stage 1 (surveillance data) of the TRIPP model of 
prevention. 
3. To promote shared-decision making around prevention 
priorities by describing incidence and prevalence of 
injury and illness within the combat sports. 
 
11. Cross sectional studies examining training load metrics utilised in combat sport 
  
Paper 2: Rating of 
Perceived Exertion is a 
stable and appropriate 
measure of workload in 
judo 
(Published in full) 
 
 
1. To determine the stability of the CR-10 RPE scale and 
other session workload variables across two training 
sessions 
2. To assess the efficacy of RPE as a training load measure 
in judo, by investigating relationships between RPE and 
other load variables. 
 Paper 3: Differences in 
observed (coach) and 
experienced (athlete) 
Rating of Perceived 
Exertion 
(Submitted) 
 
3. To determine whether coaches’ observed RPE, physical 
and mental effort ratings (NASATLX scales) are in 
agreement with the athlete’s self-reported scores 
4. To investigate the level of agreement of national 
coaches when providing observed RPE, mental and 
physical effort ratings and number of attacks for the 
same athlete. 
 
12. Prospective epidemiological pilot study collecting data in Australian combat sports 
  
Paper 4: The feasibility of 
using an electronic system 
to collect health and 
exposure data in Australian 
Olympic combat sports 
(In press) 
 
 
1. To investigate the initial adoption of an online 
electronic Athlete Self-Report Monitoring (ASRM) 
system. 
2. To document athlete engagement with the ASRM 
system over a 12 week period. 
3. To investigate whether communication influences 
athlete engagement with the ASRM system. 
4. To document the type, location and severity of health 
problems experienced by combat sport athletes. 
5. To document the proportion of health problems which 
result in lost training and competition time. 
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Chapter Content Aims 
13. Translation of knowledge to combat sport coaches 
  
Chapter 13: Knowledge 
and beliefs of injury and 
illness prevention of 
combat sport coaches  
 
1. To ascertain the level of importance combat 
coaches place on injury and illness prevention. 
2. To investigate whether a workshop is able to 
change knowledge and beliefs of combat coaches. 
3. To determine who combat coaches believe holds 
ultimate responsibility for injury and illness 
prevention. 
 
14. Discussion, recommendations for future research and conclusion 
   
1. To summarise the key research findings. 
2. To discuss how findings relate to established 
frameworks. 
3. To identify strengths and limitations of the thesis. 
4. To list recommendations for future research. 
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10.1. INTRODUCTION 
Injury and illness research in combat sports is still in its infancy, with most studies being 
cross-sectional in nature. Results from these studies are likely to be affected by survival and recall bias, 
as most are performed at competition via survey. It is unlikely that combat athletes would compete if 
they had sustained severe injuries and illnesses, therefore it is improbable that injuries of this nature 
would be captured using cross-sectional designs. Additionally, when recalling injuries and illnesses over 
a previous period, the athletes are more likely to recall larger, more severe injuries and illnesses, and 
smaller issues may be brushed over as insignificant and go unrecorded.22 To paint a complete picture 
of injury incidence and burden, prospective designs must be used and data collection procedures 
analysed, including the underpinning definitions relating to how health problems are classified. 
The Injury Definitions Concept Framework (IDCF)17 was initially developed to give a broad overview 
of how injuries and illnesses are classified and allows gaps in collection methodology to be more easily 
identified. Using this framework, injuries and illnesses are broadly categorised as either clinical 
examination (injury or disease), athlete self-report (trauma or illness), or sports performance 
(incapacity or sickness). An injury and illness can be classified in multiple ways, and injury and illness 
research may or may not consider all classifications within their injury definitions. For example, the 
injury definition used by a research team could be ‘an injury is considered to be any physical complaint, 
resulting in lost training time or a visit to a medical practitioner’.33 Applying this to combat sport 
situation, an athlete sustains a thumb sprain, stops training (sports incapacity) and subsequently 
reports to a team physiotherapist or doctor (clinical examination). By their definition this thumb sprain 
would be recorded as an injury. By overlaying all three realms of the ICDF system on published 
literature, the gaps in data collection may be identified. In the same situation, for example, if an athlete 
sustained a thumb sprain and continue to train without visiting a medical practitioner the injury would, 
in effect, not have happened. In this situation, athlete self-report (trauma or illness) injuries are not 
captured by an attending medical team because the injury definition does not specify that athlete self-
reported injuries are to be collected. In order to enhance the effectiveness of prevention programmes, 
injury and illness research must use a complete set of brushes to produce a picture of which injuries 
occur within the sport.  
10. REVIEW OF EPIDEMIOLOGICAL DATA IN COMBAT SPORT 
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This chapter aims to catalogue the types of injury definitions in the combat sport literature 
according to their ICDF coverage and utilises a number of methodological tools to achieve this. The 
Preferred Reporting Items for Systematic Reviews and Meta-analysis guidelines 98 and Assessing the 
Methodological Quality of Systematic Reviews tool99 underpin the article collection and review process. 
As recommended within these tools, Medical Subject Headings terms were combined with other 
keywords and entered into multiple online journal databases.  
10.2. SYSTEMATIC REVIEW OF INJURY AND ILLNESS IN COMBAT SPORT 
10.2.1. Purpose of the systematic review 
This systematic review was designed to investigate research quality and level of evidence that 
injuries and illnesses were of concern in combat sports. Additionally, this review analysed data 
collection methodology and looked for similarities in the injuries and illnesses within each sport. Due 
to low numbers of participants in Australia, sports science and sports medicine teams will typically work 
with multiple combat sports. By analysing the injury and illness data of combat sports together, 
prevention programmes could be developed which target multiple sports at lower overall cost. The 
research context of the systematic review was any English published literature available through 
electronic databases. 
10.2.2. Paper 1: Objectives and research questions 
The objectives of this study are provided in Table 2 (Page 47) and the nature and extent of contributions 
are provided in Section 9.1, Page 41.  
The research questions that this Paper addresses are:  
8.2.1. ‘What is the quality of prospective epidemiological injury and illness research in the Olympic codes 
of judo, boxing, taekwondo and wrestling?’ 
8.2.2. ‘What is the level of evidence that injury and illnesses affect athletes in the Olympic codes of judo, 
boxing, taekwondo and wrestling?’ 
  
[50] 
 
10.2.3. Paper 1: Systematic review (published version) 
This Paper was accepted for publication by the British Journal of Sports Medicine (Impact Factor 
6.557) on 18th July 2017. It was published online in September 2017. Accompanying tables and 
supplements for this publication appear after the publication itself.  
   1Bromley SJ, et al. Br J Sports Med 2017;0:1–10. doi:10.1136/bjsports-2016-097313
AbstrAct
background Combat sports involve body contact 
through striking, kicking and/or throwing. They are 
anecdotally referred to as ’dangerous’, yet long-term 
investigation into specific injury rates is yet to be 
explored.
Objective To describe incidence and prevalence of 
injury and illness within Olympic combat sports and to 
investigate risk of bias of prospective injury and illness 
research within these sports.
Methods We systematically searched literature 
published up until May 2016. We included prospective 
studies of injury/illness in elite combat athletes lasting 
more than 12 weeks. Risk of bias was assessed using a 
modified version of the Downs and Black checklist for 
methodological quality. Included studies were mapped 
to the Oxford Centre for Evidence-Based Medicine levels 
of evidence.
results Nine studies were included, and most (n=6) 
had moderate risk of bias. Studies provided level 1/2b 
evidence that the most frequently injured areas were 
the head/face (45.8%), wrist (12.0%) and lower back 
(7.8%) in boxing; the lower back (10.9%), shoulder 
(10.2%) and knee (9.7%) in judo; the fingers (22.8%) 
and thigh (9.1%) in taekwondo; and the knee (24.8%), 
shoulder (17.8%) and head/face (16.6%) in wrestling. 
Heterogeneity of injury severity classifications and 
inconsistencies inexposure measures prevented any 
direct comparisons of injury severity/incidence across 
combat sports.
conclusions There is currently a lack of consensus 
in the collection of injury/illness data, limiting the 
development of prevention programmes for combat 
sport as a whole. However, sport-specific data that 
identify body areas with high injury frequency can 
provide direction to clinicians, enabling them to focus 
their attention on developing pathologies in these 
areas. In doing so, clinicians can enhance the practical 
elements of their role within the integrated combat sport 
performance team and assist in the regular update of 
surveillance records.
bAckgrOund
Injury and illness surveillance is the cornerstone of 
prevention and is the first step towards designing 
an prevention programme.1 2 To further extend the 
capabilities and knowledge of combat sport medical 
support, it is important to understand which inju-
ries and illnesses are likely across these sports. 
Published reviews about injury/illness in combat 
sport exist3–9; however, reviews typically investigate 
one of the four combat sports rather than investi-
gating combat sports collectively. Practitioners typi-
cally work across all four sports, and consolidated 
evidence will inform prevention practices.
Combat sports involve body contact through 
striking, kicking and/or throwing. They are anec-
dotally referred to as ‘dangerous’ sports,10 yet long-
term investigation into the specific injury rates is 
absent in the literature. To collect high-quality 
injury and illness data, both injury and illness must 
be defined and reported accurately using validated 
methods.11 The Injury Definitions Concept Frame-
work (IDCF)12 highlights that the use of different 
injury definitions may lead to the capture of only 
certain types of injuries. For example, if injury is 
defined as ‘a musculoskeletal symptom which 
causes an athlete to cease training or competition 
for more than 24 hours’ (time loss/sports incapacity 
definition), then the burden of chronic injuries 
that an athlete can train through may be missed 
entirely.13 14 We aimed to systematically report the 
incidence and prevalence of injury and illness in 
combat sports with respect to the definitions and 
study design used, risk of bias and level of evidence. 
Previously published reviews on injury/illness in 
boxing,3 15 judo,7 taekwondo4 9 and wrestling5 8 16–18 
failed to address the risk of bias and failed to discuss 
the level of evidence about injury and illness in 
athletes.
Therefore, the objective of this systematic review 
was to describe the incidence and prevalence of 
injury and illness within the four Olympic combat 
sports as reported in prospective epidemiological 
and longitudinal cohort studies of elite athletes.
This review informs practitioners with three 
perspectives:
1. An overview of the common injuries and 
illnesses in combat sports;
2. A summary of the level of evidence to fulfil 
stage 1 (surveillance data) of the TRIPP model 
of prevention3;
3. The promotion of shared decision making 
around prevention priorities for the Olympic 
combat sports, such that training availability 
and injury/illness prevention can be maximised.
MethOds
We followed the Preferred Reporting Items for 
Systematic Reviews and Meta-analysis guide-
lines19 when reporting this systematic review, 
and the protocol was prospectively registered 
with the PROSPERO International prospective 
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register for systematic reviews on 2 August 2016 (registration 
no CRD42016027057).
selection criteria
The lead author (SJB) applied the selection criteria, which were 
(1) a prospective component to data collection, (2) a collection 
of injury and/or illness data and (3) cohorts of elite boxing, 
judo, taekwondo or wrestling athletes. Owing to the univer-
sity programme regularly offering scholarships for high-level 
athletes, studies of university level athletes were also considered 
elite. The exclusion criteria were (1) club, junior, cadet, youth or 
subelite athletes, or athletes of non-Olympic combat sports; (2) 
articles published before 2005 and (3) theses, review papers, 
case reports or case series, case–control studies and cross-sec-
tional cohort studies. The search was limited to English language 
publications between 1 January 2005 and 12 April 2016, inclu-
sive. We restricted the search date to understand injuries and 
illnesses that have occurred in the last decade. Owing to the 
frequency of rule changes in combat sports, a broader search 
may have returned results that have little application to today’s 
athletes and practitioners. All publications not in English were 
assessed to confirm that incorrect language indexing had not 
occurred and whether an English version was available through 
the university library. To ensure all potential studies were identi-
fied, the lead author (SJB) screened article reference lists during 
full-text assessment and contacted experts in the fields of combat 
sports and injury prevention for additional references.
Literature search
Before finalising search terms, we performed pilot searches to 
refine our search strategy. Additionally, this study referred to the 
systematic review of methodological element recommendations 
of the British Journal of Sports Medicine20 and used the Assessing 
the Methodological Quality of Systematic Reviews tool21 prior 
to publication to ensure accurate reporting of study quality.
To ensure that injury and illness were considered equally, terms 
were combined as follows: (sport terms) AND ((injury terms) 
OR (illness terms)). We systematically searched PubMed (with 
Medline), SCOPUS (Elsevier), Web of Science and CINAHL 
Complete (with SportDISCUS) electronic databases using combi-
nations of the following terms:
 ► Sport terms: combat sport, taekwon-do, taekwondo, judo, 
judoka, judokas, wrestler, wrestlers, wrestling, grappling, 
grapplers, grappler, grapple, boxing, boxer, boxers, martial 
arts;
 ► Injury terms: injury, injured, injure, injuring, injuries, trauma, 
tendinopathy, tendonitis, sprain, strain, rupture, fracture, 
stress fracture, overuse, inflammation, bursitis, hurt, wound, 
bruise, cork, tear, dislocation, concussion;
 ► Illness terms: illness, infection, contagion, sickness, 
complaint, ailment, virus, cold, influenza, sick, medical.
Medical Subject Headings (MeSH) terms were used in 
PubMed searches, along with combinations of the search terms 
to capture a broader number of articles: athletic injury (MeSH), 
wrestling (MeSH), boxing (MeSH), martial arts (MeSH). Wres-
tling, boxing and martial arts terms were also exploded when 
searching the Web of Science database. A single researcher (SJB) 
performed the search (see online supplement 1).
risk of bias assessment
Articles were assessed in full using a modified version of the 
Downs and Black22 checklist for methodological quality by two 
authors (SJB and MKD) independently (online supplement 2). 
Articles were summarised according to data collection meth-
odology, statistical analysis and reporting of outcomes. A third 
author (ST) adjudicated when consensus could not be reached. 
A score of ≥75% was deemed to indicate low risk of bias, 
60%–75% moderate risk of bias and ≤60% high risk of bias.22 
Agreement between reviewers was determined by a weighted 
Cohen’s kappa for two assessors to measure the inter-rater 
agreement for qualitative (categorical) items.
data extraction and synthesis/management
Data were extracted by one author (SJB) and confirmed by 
another (MKD). Extracted information included author(s), year 
of publication, study design, demographics (age, sport, level 
of competition, number of athletes and total team/individual 
seasons included), definition of injury and/or illness (mapped 
to the IDCF),12 main statistical approach and significant find-
ings in terms of injury and illness characteristics, incidence and 
prevalence. The IDCF classification is a system for categorising 
injuries and illnesses according to clinical examination (injury 
or disease), athlete self-report (trauma or illness) and/or sports 
performance (incapacity or sickness).12 Studies were considered 
for pooling if injury/illness definitions and measures of exposure 
were homogenous. Where pooling was precluded, data were 
reported descriptively.
Level of evidence
The Oxford Centre of Evidence-based Medicine—Levels of 
Evidence23 was used to assess the final pool of articles. The 
highest level of evidence for prospective studies with good 
follow-up is level 1b and the lowest level is level 2b, being a 
prospective study with poor follow-up. The quality of follow-up 
was determined by the modified Downs and Black criteria22 in 
relation to items 9, 17 and 26. We judged ‘good follow-up’ as a 
combined score across these three items of at least two points.
resuLts
The initial key word search identified 46 712 articles for 
screening. Following the title and abstract screening, all dupli-
cates, articles not related to the topic and investigations with 
non-human subjects or in a language other than English were 
excluded. One hundred and eight articles were assessed in full 
text, and nine were included in this systematic review (figure 1).
characteristics of included studies
There was one judo,24 three boxing,25–27 two taekwondo28 29 and 
two wrestling studies.30 31 There was also one multisport study 
that encompassed all four sports.32 Extracted data are presented 
in table 1. The majority of studies included in this review eval-
uated injuries (n=8),24–30 32 and one study reported both injury 
and illness.31 A variety of injury/illness definitions were used 
with the majority using a sports incapacity (time loss) defini-
tion25 27 32 followed by clinical examination (n=3).24 28 29 One 
study used a definition that included both sports incapacity and 
clinical examination.31 No studies used athlete-self reports, and 
two studies did not define injury or illness.26 30 Methodological 
detail and key injury/illness findings for each sport can be found 
in online supplements 3–6 .
The ICDF definitions used in the reviewed literature are 
displayed in table 1. Three studies (33.3%) used a definition of 
incapacity during sport performance,25 27 32three studies24 28 29 
relied only on clinical examination for reporting injury (33.3%), 
one study31 focused on both clinical examination and incapacity 
during sport performance (11.2%) and two studies26 30 did not 
group.bmj.com on September 27, 2017 - Published by http://bjsm.bmj.com/Downloaded from 
3Bromley SJ, et al. Br J Sports Med 2017;0:1–10. doi:10.1136/bjsports-2016-097313
review
provide an explicit definition (22.2%). One study21 focused only 
on injuries to the female reproductive system in order to deter-
mine whether the sport would have a negative impact on these 
structures. Skin infection was explicitly studied alongside injury 
in one paper31; however, the authors only provided an injury 
definition.
reported analysis of injury data
The purpose of all but one study was to record all injuries that 
met a particular working definition (displayed in table 1) across 
12 weeks,32 1 year,17 20 22 31 4 years19 and 5 years.16 Collec-
tively, the studies reported an assortment of statistical methods, 
with logistic regression analysis,24 Student’s t-test32 and 
χ2 tests24 25 27 29 32 being the most common. Descriptive statis-
tics such as proportions were reported in four studies26 28–30 that 
also reported injury incidence. One study reported rate ratios 
and injury proportion ratios, which related to the percentage of 
athletes within the cohort that sustained that particular injury 
during the study period.31
Incidence and severity of injury and illness
Table 2 outlines the study populations and provides a brief 
summary of injury information from each article. The calcula-
tion of exposure varied across the studies: training and compe-
tition time,25 30 31 training time alone24 27 or competition time 
alone.26 28 Because of the use of the same exposure measure, 
injury incidence could only be directly compared in two boxing 
studies and ranged between 1.5 and 3.0 injuries per year.25 27 
Incidence of injury could be contrasted across a number of sports; 
however, some figures were calculated based on training data 
only and others on competition data. Injury incidence in training 
was 4.2/1000 hour in judo24 and 12.8/1000 hour in boxing,27 
whereas the incidence per 1000 athlete exposures in training and 
competition was 7.3/1000 athlete exposures (AEs) in wrestling31 
and 19.09–69.5/1000 AEs in taekwondo competition.28 29
Injury severity classifications differed, complicating the 
comparison between injury severities across the combat sports. 
Figure 2 displays the classification of injury severity in the 
reviewed articles.
risk of bias
Overall, item agreement on the risk of bias between the initial 
assessors was high, κw=0.81. Adjudication by a third reviewer 
was required to reach consensus for 16 items (6.8%). The modi-
fied Downs and Black scores ranged from 14 to 22, with a 
maximum possible score of 24. Percentage scores for each article 
and individual item scores are provided in online supplement 2.
best evidence synthesis
Four studies, three with moderate25–27 and one with high risk of 
bias,33 provided level 1b/2b evidence that the head/face, wrist 
and lower back are the most commonly injured body sites in 
boxing. In both national and elite boxers, head/face injuries 
accounted for almost half of all injuries.27 32 Analogous injury 
definitions allowed injury incidence to be directly compared 
across boxing studies (see online supplement 3).
Figure 1 Flow chart of the selection process for inclusion in the systematic review.
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eviewtable 1 Characteristics of the studies, including data collection period, statistical analysis, level of evidence, risk of bias, working definition for injury/illness and how this definition relates to the IDCF
sport;
article
data collection 
period statistical analysis
Level of evidence 
(OcebM level)
risk of bias
(modified 
downs
and black)
score, (%)† Working injury/illness definition reporting context
Applicable 
concepts IdcF coverage
Judo
  Kim et al24 4 years χ2 test
Poisson distribution, Z 
score.
Logistic regression 
analysis
with OR and CI
1b
Prospective cohort 
study with good 
follow-up
22 (95.7) Any musculoskeletal symptom, new or recurring, during their time 
of stay at the training centre, whether it was witnessed, or when 
the athlete sought medical attention.
Clinical examination Injury
Wrestling
  Nomoto et al30 1 year Descriptive statistics 
only
1b
Prospective cohort 
study with good 
follow-up
14 (63.6) No explicit definition listed; however, follow-up for all participants 
was explicitly mentioned.
N/A N/A N/A
  Yard et al31 1 year Ratio of unweighted
case counts per 1000 
athlete exposures.
RR and IPR, with 95% CI
and p values.
2b
Poor follow-up
16 (66.7) An injury was defined as one that met all of the following criteria:
(1) occurred as a result of participation in an organised high school 
or college wrestling practice or match,
(2) required medical attention by an athletic trainer or a physician
(3) resulted in restriction of the student wrestler’s participation for 
one or more days beyond the day of injury (if no athletic activity 
was scheduled for the following day, the athletic trainer evaluated 
whether the athlete would have been able to participate if there 
had been an athletic  
activity).
Sports performance
Clinical examination
Injury
Incapacity
Taekwondo
  Varkiani et al29 1 year Injury incidence and 
rate only.
1b
Prospective cohort 
study with good 
follow-up
18
(81.8)
An athlete was considered injured if any of the following 
conditions applied:
(1) any injury circumstance that forced the athlete to leave that 
competition,
(2) any injury circumstance for which the referee or athlete had to 
stop the competition
(3) any injury circumstance for which the athlete requested 
medical attention.
Sports performance
Clinical examination
Injury
Incapacity
Continued
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sport;
article
data collection 
period statistical analysis
Level of evidence 
(OcebM level)
risk of bias
(modified 
downs
and black)
score, (%)† Working injury/illness definition reporting context
Applicable 
concepts IdcF coverage
  Ziaee et al28 1 year Injury incidence and 
rate only
1b
Prospective cohort 
study with good 
follow-up
14 (63.6) Any affliction (which) led to medical team involvement during or 
after the competition.
Clinical examination Injury
 
 
 
 
Boxing  
 
  Bianco et al26 6 years Descriptive statistics 
with
incidence and 
prevalence
2b
Poor follow-up
14 (60.9) No explicit definition listed, no follow-up mentioned N/A N/A N/A
 
 
 
  Loosemore et al25 5 years χ2 tests, Z scores, 
multiple regression 
analysis
1b
Prospective cohort 
study with good 
follow-up
17 (70.8) Any musculoskeletal condition that prevented the boxer from 
participating in either training or competition for greater than 
24 hours.
Sports performance Incapacity
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data collection 
period statistical analysis
Level of evidence 
(OcebM level)
risk of bias
(modified 
downs
and black)
score, (%)† Working injury/illness definition reporting context
Applicable 
concepts IdcF coverage
  Siewe et al27 1 year χ2 test 2b
Poor follow-up
15 (65.2) Injury was defined as an event causing interruption in training or 
competition.
Sports performance Incapacity
All sports
  Noh et al32  
12 weeks
 
χ2 test, Fisher’s exact 
test and Student’s t-test, 
with frequency of injury 
in each sport.
 
2b
Po 
or follow-up
 
14 (58.3)
 
 
Bodily damage that interfered with training or competition.
 
Sports performance
 
Incapacity
*According to OCEBM Levels of Evidence for prospective cohort studies, level 1b includes ‘good follow-up’, whereas level 2b includes ‘poor follow-up’. In the present study, good follow-up was related to items 9, 17 and 26 of the modified Downs and Black 
criteria. Good follow-up was determined when there was a combined score across these three items totalling 2/3 points or greater. % score relates to the maximum number of items possible for each study.
ICDF, Injury Definitions Classification Framework; IPR, injury proportion ratio; OCEBM, Oxford Centre for Evidence-Based Medicine; RR, rate ratio.
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Injuries in judo were investigated two studies, with low risk 
of bias in one study24 and high in another.32 Together, extracted 
information from these studies provide level 1b/2b evidence 
that lower back, shoulder and knee injuries have the highest 
incidence and prevalence in judo. Men had higher injury rates 
than women. Moreover, men generally sustained a greater 
total number of upper body injuries, whereas women sustained 
a greater total number of lower body injuries (online supple-
ment 4).25 30
Three studies investigated injury in taekwondo, with moderate 
risk of bias in two studies28 29 and high in the third.32 These 
studies provides level 1b/2b evidence that thigh and finger inju-
ries have the highest incidence and prevalence in taekwondo, 
with finger injuries being of greater concern during competition 
(online supplement 5).28 29 32
Three wrestling studies, two with moderate30 31 and one 
with high risk of bias,32 provided level 1b/2b evidence that the 
knee, shoulder and head are areas of concern for injury27 28 32 
and that skin infection is an illness concern.28 Skin infection has 
been highlighted as a serious issue in wrestling, and despite a 
lower incidence than injury, it is often more severe and requires 
a greater amount of time off training (online supplement 6).31
Table 3 highlights bodily areas that are associated with rela-
tively high injury frequency in combat sports. Due to the expo-
sure measure differing across sports, injury incidence was not 
able to be compared.
dIscussIOn
The impact of negative health events, such as injury and illness, 
on athletic performance has been investigated previously,34 and 
avoiding injury/illness should be considered a multidisciplinary 
task, shared between the clinician, coach, sport scientist and 
athlete.
This study highlights that there is considerable inconsistency 
across the literature with regard to how injury data in combat 
sports have been collected and reported in the last decade. This 
suggests a need for consensus in methodology when investi-
gating injury and illness in combat sport.
Only one prospective epidemiological study with low risk 
of bias on injury in combat sport currently exists.24 All other 
prospective studies were rated as being of moderate or high 
risk of bias, with inadequate descriptions of the studied athlete 
populations and poor follow-up. The review also highlights 
that most studies did not report injury severity and/or related 
table 2 Description of the study participants, level of competition, context of surveillance and incidence of injury of the included studies
sport;
article
Participants
(male/female)
Level of 
competition*‡, age
(age±sd)
Injuries†
(n) context
Injury 
incidence (per 
year)
Injury incidence
(per 1000 hours)
Injury incidence
(per 1000 Aes)
Judo
Kim et al24 (24M/24F) Elite
Not described
782† Training Not reported 4.2 Not reported
Taekwondo
Ziaee et al28 (204M/0F) National
22.9 (17–32 years)§
93† Competition Not reported Not reported 69.5
Varkiani et al29 (197M/0F) National,
23.2 (17–32 years)§
22† Competition Not reported Not reported 19.09
Wrestling
Nomoto et al30 Elite (13/0M/13F) National
24.2 (15–34 years)§
41
(head injury only)
Training and 
competition
0.5 Not reported Not reported
Yard et al31 15 National Collegiate 
Association of America 
Schools
(number of participants and 
gender not specified)
National
Age not reported
157†
101†
Training
Competition
Not reported Not reported 5.0 (training)
25.2 (competition)
Boxing
Bianco et al
26
(0M/61F) National
Not reported
Not reported†
(reproductive 
injury only)
Competition Not reported 0.3
Loosemore et al25 (66M/0F) Elite
22.0±2.5 years
209†
88†
Training
Competition
1.48 Not reported Not reported
Siewe et al27 (42M/2F) National
20.2±7.9
125† Training 3.01 12.8
All sports
Noh et al
32
Multisport
Judo (47/34M/13F)
Wrestling (13/9M/4F)
Boxing (16/16M/0F)
Taekwondo (34/28M/6F)
Elite
20.4±0.2 years (judo)
20.1±0.3 years 
(wrestling)
19.4±0.3 years 
(boxing)
19.8±0.3 years 
(taekwondo)
163†
67
24
25
47
Training Not reported Not reported
*Elites indicate international representative athletes, also termed ‘professional’ or ‘college’.
‡National indicates national representative athletes, also termed ‘active, competitive’.
†All injury types were recorded, unless otherwise specified.
§SD was not available, so range was included instead.
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functional capacity, for example, return to competition. This 
is an important omission, when combat sports are considered 
‘dangerous’. Owing to the highly heterogenic approaches to 
measuring exposure, use of varied definitions of injury/illness 
and different contexts of surveillance (training versus competi-
tion), it was not possible to pool results.
Injury risk in combat sports
This review demonstrates that injuries in combat sport are 
minor compared with injuries in team sports. Studies reporting 
on concussion in competition show that rates were between 
4.1 and 4.5/1000 hours in rugby union33 35 and 6.5/1000 hours 
in ice hockey.36 In comparison, concussion rates are low in 
boxing, at 0.53/1000 hours.25 Currently, the rate of catastrophic 
injury across combat sport is unable to be compared and, as such, 
should be an area of focus for future research. Like every sport, 
combat sports have a set of inherent risks and common injuries, 
and provided these are understood when a participant takes up a 
combat sport, practitioners can assist mitigating these risks with 
effective planning and monitoring.
Practical recommendations to help practitioners incorporate 
this evidence in an integrated performance system
Systems thinking frameworks are beginning to be overlaid on 
to injury/illness and performance models.34 Systems thinking, 
as applied to athletic performance, recognises that performance 
cannot be considered separate to health, and health status 
directly impacts performance. By focusing on the early warning 
signs of certain health problems, clinicians will be well placed to 
improve athlete care.
clinicians have an opportunity to collect high-quality data
Quality injury and illness surveillance is a cornerstone of injury 
and illness prevention. Our systematic review highlights that 
methodological quality is lacking in much of the published 
literature on combat sports and makes suggestions to improve 
future data collection. Within a contemporary model of athlete 
care, it is acknowledged that clinicians play an important role in 
the collection of high-quality surveillance data. Clinicians have 
closer, more regular contact with athletes and are often the first 
point of contact when a health or injury problem arises. When 
Figure 2 Injury severity classifications of reviewed literature.
table 3 Areas of relatively high injury frequency* in combat sport
sport bodily area studies evidence level
Boxing Head/face (45.8%) Noh et al,33 Siewe et al 30 2b, 2b
Wrist (12.0%) Loosemore et al,25 Siewe et al30 1b, 2b
Lower back (7.8%) Loosemore et al,25 Noh et al33 1b, 2b
Judo Lower back (10.9%), shoulder (10.2%) and knee (9.7%) Kim et al,24 Noh et al33 1b, 2b
Taekwondo Fingers (22.8%) Noh et al,33 Varkiani et al,29 Ziaee et al28 2b, 1b, 1b
Thigh (9.1%) Varkiani et al,29 Ziaee et al28 1b, 1b
Wrestling Knee (24.8%) Noh et al,33 Yard et al31 2b, 1b
Shoulder (17.8%) and head (16.6%) Yard et al31 1b
*Percentage of the total number of injuries recorded across the surveillance period.
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What are the new findings?
 ► In boxing, the injuries with the highest incidence were head/
face, wrist and lower back.
 ► In judo, injuries mostly occurred in the lower back, shoulder 
and knee.
 ► In taekwondo, the thigh and fingers were the most frequently 
injured sites.
 ► In wrestling, knee, shoulder and head injuries and skin 
infections have the highest incidence.
 ► The lack of consensus in the collection of injury/illness data 
limits the development of prevention programme for combat 
sport.
review
clinicians use methods that promote the capture of high-quality 
data, a strong foundation is set for the development and imple-
mentation of effective injury and illness prevention programmes. 
Currently, international sporting federations favour prevention 
ahead of surveillance37; however, prevention cannot be targeted 
and effective without high-quality surveillance data, generated 
from the ground up by clinicians and researchers in partnership.
suggestions for clinician-led surveillance data collection
The most common study design used the direct collection of 
injuries by medical team members.24–26 31 Other studies used a 
mix of interviews and questionnaires, all requiring some kind 
of recall on the athlete’s part and potentially introducing recall 
bias.27–30 32 Two studies administered questionnaires at compe-
tition,28 29 introducing survival bias, as the athletes who were 
already experiencing recent or severe injury or illness would 
have been unlikely to attend competition due to medical 
limitations. To overcome recall and survival bias, epidemiolog-
ical studies should span more than 1 year using consistent and 
regular prospective surveillance across training and competi-
tion. Ideally, a study on Olympic combat sports would cover a 
full 4-year Olympic cycle to evaluate the impact of injury and 
illness within the competitive cycle and lead-up to competition. 
To report injuries/illnesses at the time they occur, a validated 
questionnaire14 or a training log alongside medical team reports 
could be used. This would allow for tracking and management of 
smaller injuries/illnesses that affect the quality of training, along-
side the larger injuries/illnesses associated with time loss.
In general, most injury definitions focused on sports inca-
pacity (time loss from training/competition), giving rise to a 
number of issues. First, such injury definitions discount any 
injury or illness where an athlete did not miss any training 
or competition, a limitation well acknowledged in the litera-
ture.14 38 39 Second, an athlete may self-manage their injuries/
illnesses, which could impact the quality of training but not 
necessarily reduce its amount. In cases of self-managed injuries/
illness, it is plausible that the supporting medical team is not 
aware of such events, and subsequently no record is created. 
To improve the capture of injuries/illnesses, a broader defini-
tion could be used relating to ‘physical complaints’14 rather 
than musculoskeletal conditions that prevent the athlete from 
training or competition. These data may provide a system of 
early detection of health problems and in doing so, assist in both 
surveillance records and practical elements of their role within 
the integrated performance team.
Categories of severity have been included in injury/illness 
consensus statements across a number of sports.14 38 39 The cate-
gorisation of severity can be a simple way to compare the time–
loss effects of health problems across sports; however, most 
studies did not describe a severity measure,25–27 29–31 and there 
was no common method where severity was described.24 28 32 
It is recommended that future research leverage current litera-
ture34 38 39 and routinely report injury severity measures.
Exposures used to calculate incidence and prevalence are 
number of matches/training sessions and hours of training 
and/or competition. Unfortunately due to the disparity in the 
measures of exposure, incidence and prevalence cannot be 
directly compared across the combat sports on the basis of the 
currently existing literature. This problem could be addressed 
in future research by using time as a measure of exposure (per 
1000 hours) in both training and competition.
strengths and limitations of this study
The strength of this study was the sensitive search strategy 
(>45 000 articles assessed), strict inclusion criteria and the 
assessment of risk of bias and level of evidence. This allowed 
the comparisons of studies to include risk of bias assessment and 
level of evidence for their results. One low-quality study with 
high risk of bias study was found, which published data after rule 
changes took effect.32 The comparison between the rates prior to 
and following these changes is beyond the scope of this review.
A limitation is that only English articles were included. Many 
European and Asian countries have long combat sports and 
consistent Olympic success; therefore, future reviews should 
attempt to include studies from these regions. A single inves-
tigator performed the search strategy and applied the selection 
criteria. However, given the extensive list of identified articles 
that were screened, the risk of missing a relevant study is low, 
particularly given that we undertook citation tracking and that 
expert advice was sought. The heterogeneity of the articles meant 
that it was not possible to perform a meta-analysis; however, 
qualitative review is still a valuable and novel contribution to the 
literature and highlights that a more uniform approach to data 
collection and analysis is required before cross-sport compari-
sons can be made.
cOncLusIOn
Musculoskeletal injury is a common issue across boxing, judo, 
wrestling and taekwondo. Investigating the factors associated with 
musculoskeletal injury and developing prevention programmes 
targeting the common areas would have far-reaching implica-
tions across these combat sports. In the interim, sport-specific 
data that identifies body areas with high injury frequency can 
provide direction to clinicians, enabling them to focus their 
attention on any developing pathologies in these areas.
Clinician-led data collection can assist in surveillance and the 
early detection of health problems. In doing so, the practical 
elements of the clinician’s role within an integrated performance 
team are modernised.
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Musculoskeletal injury is a concern across judo, taekwondo, 
wrestling and boxing.
group.bmj.com on September 27, 2017 - Published by http://bjsm.bmj.com/Downloaded from 
10 Bromley SJ, et al. Br J Sports Med 2017;0:1–10. doi:10.1136/bjsports-2016-097313
review
RefeRences
 1 Finch C. A new framework for research leading to sports injury prevention. J Sci Med 
Sport 2006;9:3–9.
 2 van Mechelen W, Hlobil H, Kemper HCG, et al. Incidence, severity, aetiology and 
prevention of sports injuries. Sport Med 1992;14:82–99.
 3 Loosemore M, Lightfoot J, Beardsle C, et al. Boxing injuries by anatomical location: a 
systematic review. Sport Med J 2015;11:2583–90.
 4 Pieter W, Fife GP, O’Sullivan DM. Competition injuries in taekwondo: a literature 
review and suggestions for prevention and surveillance. Br J Sports Med 
2012;46:485–91.
 5 Wilson EK, Deweber K, Berry JW, et al. Cutaneous infections in wrestlers. Sports 
Health 2013;5:423–37.
 6 Lystad RP, Pollard H, Graham PL. Epidemiology of injuries in competition taekwondo: 
a meta-analysis of observational studies. J Sci Med Sport 2009;12:614–21.
 7 Pocecco E, Ruedl G, Stankovic N, et al. Injuries in judo: a systematic literature review 
including suggestions for prevention. Br J Sports Med 2013;47:1139–43.
 8 Grindstaff TL, Potach DH. Prevention of common wrestling injuries. Strength Cond J 
2006;28:20–8.
 9 Lystad RP, Swain MS, Graham PL. Risk factors for injury in Olympic-style  
competition taekwondo: a systematic review. J Sports Med Phys Fitness  
2013;53:655–64.
 10 Australian Medical Association.  Position Statement on Combat Sport-2015. 2015.  
https:// ama. com. au/ position- statement/ combat- sport- 2015 (accessed 13 May 2017).
 11 Ekegren CL, Gabbe BJ, Finch CF, et al. Sports injury surveillance systems: a review of 
methods and data quality. Sports Med 2016;46:49–65.
 12 Timpka T, Jacobsson J, Ekberg J, et al. Meta-narrative analysis of sports injury 
reporting practices based on the Injury Definitions Concept Framework (IDCF): a 
review of consensus statements and epidemiological studies in athletics (track and 
field). J Sci Med Sport 2015;18:643–50.
 13 Clarsen B, Myklebust G, Bahr R. Development and validation of a new method for 
the registration of overuse injuries in sports injury epidemiology: the Oslo Sports 
Trauma Research Centre (OSTRC) overuse injury questionnaire. Br J Sports Med 
2013;47:495–502.
 14 Clarsen B, Rønsen O, Myklebust G, et al. The Oslo Sports Trauma Research Center 
questionnaire on health problems: a new approach to prospective monitoring of 
illness and injury in elite athletes. Br J Sports Med 2014;48:754–60.
 15 Loosemore M, Knowles CH, Whyte GP. Amateur boxing and risk of chronic traumatic 
brain injury: systematic review of observational studies. BMJ 2007;335:809–12.
 16 Anderson BJ. Managing herpes gladiatorum outbreaks in competitive wrestling: the 
2007 Minnesota experience. Curr Sports Med Rep 2008;7:323–7.
 17 Halloran L. Wrestling injuries. Orthop Nurs 2008;27:189–92.
 18 Kiningham R, Monseau A. Caring for wrestlers. Curr Sports Med Rep 
2015;14:404–12.
 19 Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic  
reviews and meta-analyses: the PRISMA statement. Ann Intern Med  
2009;151:264–9.
 20 Ardern CL. Systematic review hacks for the sports and exercise clinician: five essential 
methodological elements. Br J Sports Med 2016;50:447–9.
 21 Shea BJ, Grimshaw JM, Wells GA, et al. Development of AMSTAR: a measurement tool 
to assess the methodological quality of systematic reviews. BMC Med Res Methodol 
2007;7:1.
 22 Downs SH, Black N. The feasibility of creating a checklist for the assessment of the 
methodological quality both of randomised and non-randomised studies of health 
care interventions. J Epidemiol Community Health 1998;52:377–84.
 23 Phillips B, Ball C, Sackett D, et al. Secondary oxford centre for evidence-based 
medicine – levels of evidence-2009. 2009. http://www. cebm. net/ oxford- centre- 
evidence- based- medicine- levels- evidence- march- 2009/ (accessed 27 Jun 2016).
 24 Kim KS, Park KJ, Lee J, et al. Injuries in national Olympic level judo athletes: an 
epidemiological study. Br J Sports Med 2015;49:1144–50.
 25 Loosemore M, Lightfoot J, Palmer-Green D, et al. Boxing injury epidemiology in the 
Great Britain team: a 5-year surveillance study of medically diagnosed injury incidence 
and outcome. Br J Sports Med 2015;49:1100–7.
 26 Bianco M, Massimiliano B, Sanna N, et al. Female boxing in Italy: 2002-2007 report. 
Br J Sports Med 2011;45:5638p.
 27. Siewe J, Rudat J, Zarghooni K, et al. Injuries in competitive boxing. A prospective 
study. Int J Sports Med 2015;36:2495p.
 28 Ziaee V, Rahmani SH, Rostami M. Injury rates in Iranian taekwondo athletes; a 
prospective study. Asian J Sports Med 2010;1:23–8.
 29 Varkiani ME, Alizadeh MH, Kazemi M, et al. Taekwondo competition injuries in Iranian 
premier league: a prospective study. Int J Sport Studies 2013;3:542–8.
 30 Nomoto J, Seiki Y, Nemoto M, et al. Head trauma in female professional wrestlers. 
Neurol Med Chir 2007;47:147–52.
 31 Yard EE, Collins CL, Dick RW, et al. An epidemiologic comparison of high school and 
college wrestling injuries. Am J Sports Med 2008;36:57–64.
 32 Noh JW, Park BS, Kim MY, et al. Analysis of combat sports players’ injuries  
according to playing style for sports physiotherapy research. J Phys Ther Sci 
2015;27:2425–30.
 33 Fuller CW, Taylor A, Raftery M. Epidemiology of concussion in men’s elite Rugby-7s 
(Sevens World Series) and Rugby-15s (Rugby World Cup, Junior World Championship 
and Rugby Trophy, Pacific Nations Cup and English Premiership). Br J Sports Med 
2015;49:478–83.
 34 Fuller CW, Molloy MG, Bagate C, et al. Consensus statement on injury definitions 
and data collection procedures for studies of injuries in rugby union. Br J Sports Med 
2007;41:328–31.
 35 Kemp SP, Hudson Z, Brooks JH, et al. The epidemiology of head injuries in English 
professional rugby union. Clin J Sport Med 2008;18:227–34.
 36 Tegner Y, Lorentzon R. Concussion among Swedish elite ice hockey players. Br J Sports 
Med 1996;30:251–5.
 37 Finch CF, Talpey S, Bradshaw A, et al. Research priorities of international sporting 
federations and the IOC research centres. BMJ Open Sport Exerc Med 2016;2:e000168.
 38 Mountjoy M, Junge A, Alonso JM, et al. Consensus statement on the methodology 
of injury and illness surveillance in FINA (aquatic sports). Br J Sports Med 
2016;50:590–6.
 39 Timpka T, Alonso JM, Jacobsson J, et al. Injury and illness definitions and data 
collection procedures for use in epidemiological studies in Athletics (track and field): 
consensus statement. Br J Sports Med 2014;48:483–90.
group.bmj.com on September 27, 2017 - Published by http://bjsm.bmj.com/Downloaded from 
[51] 
 
10.3. SUMMARY OF CHAPTER 10 
Of the nine epidemiological studies that met inclusion criteria, only one was of high-quality, 
exhibiting good follow up and low risk of bias. With only one study in judo meeting the quality control, 
it was not possible to compare data across the combat sports or ascertain the true burden of injury and 
illness in these athletes. Sport-specific data provides direction to clinicians as to where high risk areas 
may be, and include the head and face, wrist, and lower back in boxing, the lower back, shoulder and 
knee in judo, the thigh and fingers in taekwondo, and the knee, shoulder and head in wrestling. Skin 
infection has been identified as particular problem in wrestling and must be monitored alongside areas 
of high injury frequency.  
The negative health events impact significantly on athletic performance15, and avoiding injury and 
illness should be considered a multidisciplinary task, shared between the clinician, coach, sport 
scientist, and athlete.100 101 Both clinicians and researchers alike have central roles to play in collecting 
high quality data to monitor and prevent these health problems. In designing future epidemiological 
studies, the needs of the clinician should be supported by providing an appropriate reporting structure, 
including the provision of comprehensive injury and illness definitions relating to ‘physical complaints’ 
while utilising the duration of the health problem to report its severity. Clinicians have closer contact 
with athletes and are often first to connect with athletes when a health or injury problem arises. By 
providing clinicians and athletes with methods that promote the capture of high-quality data, a strong 
foundation is set for the development and application of prevention programmes. One form of 
prevention that can be immediately trialled with combat sport is training load monitoring. There are 
established links between shifts in training load and injury and illness risk,4 18 26 and the mitigation of 
this risk is considered to be primary prevention4 (also discussed in 109). Chapter 12 (Page 62) trials data 
collection methods pertaining to injuries and illnesses, and also collects training load to investigate 
whether these relationships are similar in combat sport. These methods are trialled in Chapter 12 (Page 
62), including the collection of training load data. 
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11.1. INTRODUCTION 
Evidence for training load as a universal risk factor for injury is known to exist in nine sports, yet the 
literature assessed in the systematic review of combat sport injury (Section 10.2, Page 50) did not 
collect training load data.4 Illness, alongside injury has been identified as a problem in combat sport.102-
104 Injury and illness are recognised as major time-loss events during training and competition across 
many sports.4 23 24 Specifically within team sports, the availability of players for competition can affect 
the overall team ladder ranking.24 27 The documentation of injury and illness patterns and causes is as 
important for promoting athlete performance as it is for protecting athlete health. As the results from 
Chapter 10 (Page 52) state, one high-quality epidemiological study in judo exists. While this study 
provided valuable information on injury aetiology, mechanisms behind how the injuries occurred were 
not thoroughly reported. Additionally, illness was not captured, and the relationship between injury 
occurrence and shifts in training load were not considered. In order to address TRIPP Stages 1 and 2, 
an epidemiology study should aim to capture both the aetiology and mechanisms behind injuries and 
illnesses, and therefore, should include capture of training load. 
Sports organisations typically utilise multiple variables to closely monitor the training load of their 
athletes. Throw counts have been utilised in cricket66 and water polo,69 and blood lactate and heart 
rate have been utilised in both team64 65 71 and individual sports.1 84 Blood lactate is obtained by pricking 
the earlobe or fingertip, collecting a small blood sample on an analyser strip and inserting the strip into 
an analyser machine.105 Blood lactate is one of the more invasive methods of measuring load but is a 
direct measure of energy metabolism and therefore is often used, alongside heart rate, as a reference 
standard to compare against other variables. Recording athlete heart rate is less invasive but requires 
the athlete to wear a chest strap which communicates either to a watch or to a computer. A combat 
sport-specific example is in judo, where blood lactate and heart rate have been treated as objective 
variables to document competition load and to investigate their relationship to Rating of Perceived 
Exertion.106-108 
Rating of Perceived Exertion (RPE) is one of the less invasive, and most accessible tools to measure 
load. It is a 20 point ordinal categorical psychophysical scale broadly used across the physical sciences.94 
11. QUANTIFYING TRAINING LOAD AS A MEANS TO MONITOR INJURY AND 
ILLNESS RISK  
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Originally created to quantify load of physical labourers, it has been adopted by the sports science 
community and is used in combination with other variables to gain an overall picture of how intense an 
activity is.26 In 2004, the RPE 20 point scale was modified to become a 10 point scale and the language 
was adjusted to be more explicit to sportspeople.109 Tables 3 and 4 below show the original and updated 
RPE scales. When RPE is mentioned in this thesis, the modified 10-point scale is the version that is being 
referred to, as this version has wider use in sports science literature. 
Table 3 – Original Borg Rating of Perceived Exertion (RPE) Scale94 
 
Rating Description 
6 - 
7 Very, very light 
8 - 
9 Very light 
10 - 
11 Fairly light 
12 - 
13 Somewhat hard 
14 - 
15 Hard 
16 - 
17 Very hard 
18 - 
19 Very, very hard 
20 - 
 
Table 4 – Modified Borg Rating of Perceived Exertion (RPE) Scale109 
 
Rating Description 
0 Rest 
1 Very, very easy 
2 Easy 
3 Moderate 
4 Somewhat hard 
5 Hard 
6 - 
7 Very hard 
8 - 
9 - 
10 Maximal 
 
As detailed in Section 7.5.2 (Page 37), training load is currently calculated in combat sport using 
session RPE multiplied by session duration (RPE x duration). For a high-quality epidemiological study to 
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take place which addresses TRIPP Stages 1 and 2, training load must be documented. In order for 
training load to be documented, the variables underpinning the calculation of training load in combat 
sport must first be tried and tested. To date, there have been no studies investigating whether RPE is 
an appropriate measure for combat sports. This chapter therefore aims to investigate RPE as a load 
variable for combat sport, to determine whether future epidemiological studies should use RPE to 
quantify and collect training load alongside injury and illness data.  
The research setting for Papers 2 and 3 is the AIS combat centre, a central hub for high-performance 
combat sports in Australia. Australian and international athletes from judo, boxing, wrestling and 
taekwondo are regularly invited to attend training camps funded by their national sporting organisation 
at the AIS combat centre. The data collected and presented in Papers 2 and 3 was obtained during one 
camp for local and international judo athletes. 
11.2. MEASUREMENT OF TRAINING LOAD IN JUDO 
Olympic sports programmes such as water polo and basketball allocate funding to employ sports 
medicine teams who have oversight of training load data.3 These teams provide technical support to 
athletes in the form of adding athlete, coach or administrative user accounts to the system and 
troubleshooting. Most importantly, however, they analyse data and create reports which then go 
towards informing daily training prescription for each individual athlete within the programmes. As 
discussed in Section 7.4.3 (Page 35), combat sport does not allocate funding towards such staff, 
therefore, the task of load monitoring often falls to local coaches. While there will be different 
techniques and situations within combat sports which may put athletes at varying levels of risk to 
sustain an injury, the volume and intensity of training is a common risk factor that can potentially be 
controlled for. By investigating training load variables in combat sport, epidemiological studies can 
collect training load data alongside injury and illness data. Within the literature, combat sport coaches 
and researchers have utilised psychosocial and physiological variables to quantify and manipulate 
training load, as discussed in Paper 2. Outside of these, an opportunity exists to develop methods which 
utilise sport-specific variables, such as recording the power or number of throws, kicks, and punches in 
judo, taekwondo and boxing, respectively. However, the technology and budgets available to combat 
sport in Australia, utilising these as monitoring or prescriptive variables is not currently feasible, and 
coaches are turning to psychophysical scales to quantify and periodise training load (discussed in 
Section 7.5.2, Page 36). 
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In other sports, the 10-point RPE scale has been found to be highly correlated to blood lactate and 
heart rate, and is a stable measure of load over 6 month periods.1 64 65 71 84 94 Relationships between RPE, 
blood lactate and heart rate have also been investigated specifically in judo.110 The setting was a 
simulated competition and athletes competed in four bouts. While this study provided information that 
can be applied to judo competition, there is no research investigating relationships between these 
variables in a training session, where judo athletes may perform back to back bouts for hour or more. 
Additionally, there has not yet been an investigation into the separate mental and physical demands 
(as rated using NASATLX scales) and their relationship to RPE. 
The NASATLX, though not as widely adopted as RPE, is currently being investigated for use in 
sport.73 It contains six 20-point sub-scales, including scales for physical and mental effort (Figure 4). 
These scales have not been previously investigated in the context of combat sport. They may provide 
interesting insight into how athletes determine an RPE score during tasks which are both highly 
physically and mentally challenging. 
 
 
 
 
 
Figure 4 : National Aeronautical Space Agency Task Load Index (NASATLX) sub scales for physical and 
mental effort, with the questions adapted for judo. 
The contribution of physical and mental demands within a task has been investigated previously 
utilising NASATLX, RPE, blood lactate and heart rate during lab-based tests. Physical tasks included 
stationary cycling,111 lifting a box73 and static bicep flexions.112 All studies concluded that physical effort 
was more closely related to RPE than mental effort. When physical effort increased, so too did RPE, but 
when mental effort was increased, there was no change in RPE. This result indicates that physical 
demand, more than mental demand, is at the forefront of a participant’s minds when providing an RPE 
score for the effort involved in these tasks.73 111 112 It is unknown whether the same holds true within 
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combat sport, as these sports are highly technical and involve short bursts of intense physical activity. 
Stationary cycling, lifting a box and flexing the biceps are not complex tasks, in comparison to sports-
specific movements such as a judo throw or boxing punch combination. Therefore, it is worthwhile 
investigating whether the same trends exist during sports-specific tasks. 
An opportunity to investigate the relationships between NASATLX, blood lactate and RPE arose 
when local elite athletes attended an international training camp at the AIS. Despite this being a 
convenience sample, the camp numbers were adequate for statistical power, participants were 
representative of the elite Australian judo population, and data was collected when athletes were 
competing against high-quality opponents.  
 
11.2.1. Paper 2 Objectives and research questions 
The objectives of this study are outlined in Table 2 (Page 47) and the nature and extent of contributions 
are provided in Section 9.2, Page 42. 
This study addresses research question: 
8.2.3. ‘Is Rating of Perceived Exertion a stable and appropriate measure for the load of training matches 
and sessions in judo?’ 
11.2.2. Paper 2: Rating of perceived exertion is a stable and appropriate measure of workload 
in judo (accepted version) 
This Paper was accepted for publication by the Journal of Science and Medicine in Sport (Impact 
Factor 3.857) on 23rd February 2018. It is presented here in its final, full version, as accepted by this 
journal. Accompanying tables and supplements for this publication appear after the publication itself.  
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Objectives:  Heart  rate  (HR),  blood  lactate  concentration  [La] and/or  rating  of  perceived  exertion  (RPE)
have  been  utilised  to monitor  judo  training  load  in technical  and  randori  (competition  training)  sessions,
but  are  yet  to be  investigated  in  mixed  sessions  containing  both  elements.  Therefore  the  purpose  of this
study  was  to:  (1)  determine  the  stability  of  these  variables,  and (2)  to  assess  the  efﬁcacy  of  RPE as  a  load
variable  for  mixed  judo  sessions.
Design:  Cross-sectional  study.
Methods:  Twenty-nine  athletes  attended  two  mixed  training  sessions  at an  international  training  camp.
Bout  and session  characteristics,  including  RPE,  physical  and  mental  effort,  heart  rate  (HR)  and  post-
session  [La]  were  recorded.  A two-way  random-effects  intra-class  correlation  assessed  variable  stability.
Multilevel  mixed-effects  ordered  logistic  regression  investigated  relationships  between  RPE  and  other
variables  for bouts  and  sessions.
Results:  Average  and  minimum  HR  across  sessions  correlated  highly  (ICC  = 0.95  and  0.94,  respectively).
Good  correlations  existed  between  [La],  session-RPE  and  mental  effort,  and  fair  correlation  of  max  HR  and
physical  effort.  No  relationships  existed  between  [La]/HR  and  session-RPE.  A unit  increase  in bout-RPE
resulted  in a 2.09  unit  increase  in  physical,  or a  1.36  unit  increase  in  mental,  effort  holding  all  other  bout
variables  constant.  Gender  and competitive  level  did  not  inﬂuence  statistical  models.
Conclusions:  Results  provide  further  evidence  that  RPE  can  be  used  across  a range  of  competitive  levels
and  genders  to monitor  workload  of mixed  sessions  and  individual  randori  in judo.  Physical  effort  may
play  a larger  role than mental  effort  when  athletes  reﬂect  on  exertion  during  training.
© 2018  Published  by  Elsevier  Ltd on  behalf  of  Sports  Medicine  Australia.. Introduction
Physical and mental demand are measured across multiple
ports to provide information which allows coaches and support
taff to monitor athlete load.1–6 The early identiﬁcation of periods of
ncreased injury and illness risk is a primary outcome of load moni-
oring, and subsequently, strategies can be put in place to minimise
he likelihood of injury/illness occurrence. A range of variables are
tilised in sport to monitor load and the subsequent injury/illness
isk. Load variables must be appropriate to each sport and have
tability over time if they are to be worthwhile in collecting. Blood
actate and HR are two such variables, as they have a broad research
ase across both endurance7–9 and intermittent3,10,11 sports. Blood
∗ Corresponding author.
E-mail address: sally.bromley@ausport.gov.au (S.J. Bromley).
ttps://doi.org/10.1016/j.jsams.2018.02.013
440-2440/© 2018 Published by Elsevier Ltd on behalf of Sports Medicine Australia.lactate and heart rate of judo athletes have been investigated pre-
viously mainly in relation to competition load.12–14 It may not
be feasible to collect such variables as part of daily training in
Australian judo, and therefore a simpler, and more cost-effective
approach must be investigated.
The training load of Australian elite Judo players is currently
quantiﬁed using a the Borg Category Ratio-10 (CR-10) RPE scale
multiplied by session duration, as detailed by Foster.15 One relia-
bility study of the CR-10 scale exists in judo, however, reliability
was investigated across distinct session types, for example, reli-
ability across technical training, competition (randori) training,
non-speciﬁc conditioning training.16 Australian combat training
sessions and camps typically include a mix  of technical training and
randori (competition) training, therefore it is worthwhile investi-
gating the stability of the CR-10 scale in these mixed sessions.
Results of studies utilising the CR-10 scale to determine work-
load in judo indicate that it correlates well to other workload
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ariables. High correlations have been found between the CR-10
cale and the Desgorces work endurance recovery (WER) method,17
nd athlete performance was shown to be related to both CR-10
atings and training load (CR–10 × duration).16 The CR-10 scale
as also been utilised as a measure of training load across peri-
dised programs for national level judo athletes.18 In competition,
he CR-10 scale has been shown to be related to maximum lactate
oncentration,14 and heart rate during bouts.19 There is no research
hich analyses whether these relationships hold in mixed training
essions containing both randori and technical training. Addition-
lly, there is no information detailing whether competitive level
nd/or gender affect these relationships, possible due to small sam-
le sizes in the published literature. This is a signiﬁcant omission
s results from previous literature may  only apply to a sub-set of
he judo population.
To date, no studies have investigated the separate physical and
ental load of judo and how these may  correlate to the CR-10,
ereafter referred to as RPE. Previous literature has documented
hat judo athletes typically give a lower RPE rating for training
han for randori training.16 There was not enough information
o determine whether the intensity and duration of the techni-
al training was matched that of the competition training. Judo
raining contains both low intensity technical training and max-
mal intensity matches, meaning that at times cognitive demand
ay  be high and physical demand low. An assumption of utilis-
ng RPE is that athletes take physical and mental demand equally
nto account when providing a rating, however the literature indi-
ates that this may  not be the case. Previous research has attempted
o understand how different demands affect CR-10 by utilising
he NASATLX National Aeronautical and Space Administration Task
oad Index (NASATLX).20 The NASATLX contains six sub-scales:
ental demand, physical demand, temporal (time) demand, per-
ormance, effort, and frustration. Results from these investigations
onclude that RPE is more sensitive to changes in physical demand
han mental demand.21–23 This deduction is further supported in
 study showing that additional mental demand on an exercising
articipants do not change their ﬁnal RPE rating.23 The physical
asks in the aforementioned studies were static exertions (bicep
exion),22 lifting a box,21 and stationary cycling,23 which were lab-
ased and very different to high-intensity demands of most sport.
herefore, physical and mental ratings should be correlated to RPE
atings in judo, as this may  have implications for load monitor-
ng.
A ﬁnal issue with the published literature on the investigation
f RPE in judo is that the RPE scale is often treated as a continuous
ariable during statistical analyses. The descriptors of effort within
he CR-10 RPE scale (for example, 4 = “somewhat hard”), indicates
hat the scale ordinal categorical.15 Therefore, an investigation into
he appropriateness of CR-10 as a measure of competitive bout
ffort in an elite population is warranted, alongside analysis of the
sefulness of RPE to monitor overall judo session load.
Therefore the aims of this study were to: (1) determine the sta-
ility of the CR-10 RPE scale and other session workload variables
cross two training sessions, and (2) to assess the efﬁcacy of RPE
s a training load measure in judo, by investigating relationships
etween this and the following variables:
) Other measures of workload, speciﬁcally blood lactate, HR (min-
imum/maximum/average) and NASATLX physical and mental
effort scales.
) The number of previous bouts an athlete has completed that
session.
) Athlete gender and competitive level.dicine in Sport 21 (2018) 1008–1012 1009
2. Methods
Ethical approval for this investigation was obtained from the
University Human Research Ethics Committee (A16-023 & B15-
143). Approval to utilise heart rate measures was also obtained
from the National Institute of Sport as this date is routinely col-
lected as part of national level Judo training camps.
Thirty-two athletes attending an international training camp
in September 2015 at the Australian Institute of Sport (AIS) Com-
bat Centre were invited to participate in this study. All athletes
attending this camp who were able to participate in all training ses-
sions without limitation were included. The exclusion criteria was
any invited athlete who was not able to participate unrestricted
in all training sessions due to injury, illness or any other rea-
son. An observational research study performed at a national judo
camp, with visiting Japanese opponents. Twelve elite, internation-
ally competitive Japanese athletes attended the camp as training
partners to the Australian athletes (females n = 3, males, n = 9, age,
range 15–17 years). Data were not collected on the Japanese ath-
letes due to ethics approval barriers. Two training sessions, spaced
48 h apart on day 1 and 3 of the 5 day camp, were developed in con-
sultation with the Australian head judo coach. The ﬁrst hour of each
session contained technique training, including throwing practice
and grappling on the ground, the second hour was simulated com-
petition with repetitive judo bouts (see Fig. 1). Prior to warm up,
athletes were assigned a HR strap and a number was taped on the
back of their judo suit for identiﬁcation.
During the ﬁrst hour of each session, the Australian head coach
and/or vising Japanese head coach explained various techniques
and athletes were given time to practice them. There were no
restrictions placed on the types of techniques or the intensity of
practice in this part of the training session. Athletes worked in pairs
and self-selected the number of repetitions and effort of practice.
Before the repetitive judo bouts began, coaches divided athletes
into two groups: heavyweight (≥70 kg for women, ≥80 kg for men)
and lightweight (<70 kg for women, <80 kg for men). While one
group was  ﬁghting, the other group was  passively resting on the
side of the mat. Each bout lasted for 4 min  and there was  a 60 s
transition between groups. Immediately after each bout, athletes
reported to one of four staffed tables along the mat side to record
their bout details (bout ID, opponent number, RPE, NASATLX). A
CR-10 RPE scale was utilised, which ranged from 1 (really easy) to
10 (maximal).24 The NASATLX sub-scales utilised related to phys-
ical and mental effort, and ranged from 1 to 20 with 1 being
least effort and 20 being maximal effort. All scales were paper-
based. Seven athletes were on the cut-off between the heavyweight
and lightweight groups, therefore these athletes performed bouts
against opponents in both groups. Across the hour, athletes com-
pleted a minimum of ﬁve, four minute bouts, followed by a ten
minute of cool down after all bouts had ﬁnished.
Blood lactate concentration (Lactate ProTM 2 Arkray, Japan) was
collected using an ear lobe prick sample after each athlete’s ﬁnal
bout, and session scores for RPE and NASATLX, and the number
of Japanese and Australian opponents were collected from each
athlete immediately after the cool down. All blood lactate mea-
surements were completed within 3 min  of an athlete ﬁnishing
their ﬁnal bout, and all session scores were taken within 15 min  of
the session ﬁnishing. Heart rate traces, including minimum, maxi-
mum and average HR, were collected across both two  hour training
sessions by staff as part of routine camp practices, via a Firstbeat
system (Firstbeat Technologies Oy, Finland).
Variables were tested against the assumptions of normality
(see Supplement 1). To assess the stability of variables, a two-
way random-effects intra-class correlation (ICC) model, with the
athlete as a ﬁxed effect was employed. This ICC measured the
absolute agreement of variables on day one and three of the
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Fig. 1. Session structure and variable collection periods (b-RPE = bout RPE; b-NASATLX = bout NASATLX; [LA] = blood lactate concentration; sRPE = session RPE; s-
NASATLX = session NASATLX).
Table 1
Intra-class correlations and descriptive statistics of session workload measures of judo athletes (n = 29).
Measure ICC (95%CI) Day 1 Day 3 Difference in Means SEM(%) MDC(%)
Mean ± (SD) Mean ± (SD)
Heart rate (bpm)
Max  0.76 (0.00–0.99) 188(9) 183(12) 5.00 5.52(2.98) 15.30(8.25)
Ave  0.95 (0.74–1.00) 134(14) 124(13) 10.00 3.18(2.47) 8.82(6.85)
Min  0.94 (0.64–1.00) 86(12) 79(12) 7.00 3.16(3.85) 8.76(10.67)
Blood lactate (mMol/L) 0.83 (0.00–1.00) 5.86(2.48) 4.76(2.00) 1.10 0.95(18.01) 2.64(49.93)
RPE  0.84 (0.11–1.00) 5.69(1.36) 6.41(1.55) 0.72 0.58(9.53) 1.60(26.42)
NASATLX
Physical 0.75 (0.00–0.99) 13.40(3.26) 14.37(2.82) 0.97 1.53(11.13) 4.25(30.84)
Mental 0.84 (0.08–1.00) 13.10(3.59) 14.39(2.53) 1.29 1.28(9.36) 3.55(25.95)
No.  of bouts
Australian −2.60 (−19.3–1.0) 2.96(1.38) 3.11(1.26) 0.15 0.67(21.94) 1.85(60.82)
Japanese −2.08 (−16.4–1.0) 2.64(1.49) 2.78(1.07) 0.14 0.66(24.30) 1.82(67.36)
Total 5.61(0.82) 5.89(0.92) 0.28
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SCC = intra-class correlation coefﬁcient, CI = conﬁdence interval, SD = standard deviati
pm  = beats per minute, mmol/L = millimoles per litre.
amp. The standard error measures (SEM), and minimal detectable
hange (MDC) were also calculated following methods of previous
esearch.25 Thresholds were deﬁned in accordance with previ-
us literature (poor = 0.60–0.69, fair = 0.70–0.79, good = 0.80–0.89,
igh = 0.90–0.99).26 All variables were of normal distribution and
ere regressed against RPE (session or bout) as the outcome vari-
ble to determine whether any signiﬁcant relationships existed.
ata were analysed using Stata (13 IC, Stata Corp, USA). Signiﬁ-
ant variables were then included in repeated backwards stepwise
rdered logistic regression and the least signiﬁcant variables were
emoved until only signiﬁcant variables remained (‘ologit’ com-
and). Gender, age category and competitive level were utilised
rstly as random effects (‘meologit’ command), and if the likelihood
atio test was not signiﬁcant they were then used as ﬁxed effects
longside other variables to adjust for potential confounding. The
ald 2 test statistic was utilised to determine model signiﬁcance,
ith signiﬁcant ﬁxed effects set a priori where 95% conﬁdence
ntervals did not include 1.0. The assumptions for all models were
hecked utilising the Stata user-written command ‘omodel’.27 A
ost-hoc two-sample paired-means test was performed to deter-
ine whether the study was appropriately powered.
. ResultsTwenty-nine of the original 32 athletes participated in this study
females = 7, males = 22, mean age = 21.9 years ± 4years). Three ath-
etes were unable to fully participate in the camp due to injury.
ix athletes opted out of having their blood lactate taken duringM = standard error measurement, MDC  = minimal detectable change, % = percentage,
one or both sessions. Competitive classiﬁcations were club (n = 5),
National Talent Identiﬁcation Program (NTID) (n = 10), interna-
tionally competitive juniors (n = 5) and internationally competitive
seniors (n = 8). Post-hoc power analysis conﬁrmed that the study
was adequately powered (n = 13 required).
The stability and descriptive statistics of session variables are
presented in Table 1. Average and minimum HR measures for ses-
sion 1 and 2 were found to correlate highly (ICC = 0.95 and 0.94,
respectively). Despite good correlations between the blood lactate,
session-RPE and NASATLX-Men variables taken during session 1
and 2, and fair correlation of max  HR and NASATLX-Phys variables
taken at session 1 and 2, the conﬁdence intervals were wide indicat-
ing some variability in collected data. The number of bouts against
Australian and Japanese opponents were also different between
sessions 1 and 2.
The total number of bouts and NASATLX physical effort
scores were signiﬁcantly related to session-RPE (total bouts ologit
coef. = 1.06 [0.44–1.69 95%CI], NASATLX-Phys ologit coef. = 1.02
[0.70–1.34 95%CI], respectively). There were no signiﬁcant inter-
actions between NASATLX Phys and total number of bouts.
Post-session blood lactate and HR measures (min/max/ave) had
no signiﬁcant relationship to session-RPE. Athlete gender and
competitive level did not contribute signiﬁcantly to any models
investigating overall session data when included as ﬁxed or ran-
dom effects and were subsequently removed from all models. The
number of bouts each player completed ranged from 5 to 8 due
to middle-weight athletes being able to compete against oppo-
nents in both the lightweight and heavyweight groups. Judo players
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Table  2
Descriptive statistics of bout workload measures for male (n = 22) and female (n = 7)
judo athletes.
Measure Males Females All
Mean ± (SD) Mean ± (SD) Mean ± (SD)
Heart rate(bpm)
Max 182(10) 180(16) 181(12)
Ave 168(13) 168(18) 168(14)
Min 112(19) 128(15) 129(18)
RPE 5.54(1.68) 6.44(1.77) 5.74(1.74)
NASA-TLX
Physical 12.92(3.45) 13.47(3.65) 13.35(3.51)
Mental 12.22(3.96) 14.73(3.37) 12.51(3.93)
No. of bouts 5.75(0.89) 5.25(0.43) 5.75(0.88)
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of the contribution of physical and mental effort was  performedD = standard deviation, bpm = beats per minute.
ecorded a range of bout intensities, with female RPE measure-
ents ranging from 1 (‘really easy’) to 9 (‘really, really hard’), and
ale RPE measurements ranging from 2 (‘easy’) to 9 (‘really, really
ard’). Descriptive statistics of bout data are presented in Table 2.
Both physical and mental effort on the NASATLX scales were
elated to bout-RPE in the mixed effects ordered logistic regression
odel. A unit increase in bout-RPE resulted in a 2.09 unit increase
n physical, or a 1.36 unit increase in mental, effort holding all
ther bout variables constant(Wald213 = 64.45,  p = 0.0000).The
elationship of RPE to physical and mental effort is displayed in
upplement 2. The number of bouts previously fought during the
ession had no signiﬁcant relationship to the RPE of later bouts, and
ender had no inﬂuence on results.
. Discussion
This study provides further evidence that the RPE scale is a sta-
le and appropriate measure for workload measurement in judo.
t is a novel addition to the literature as data were collected across
ixed technical and randori sessions that are typical of Australian
udo training. Results indicate that gender and competitive level
ave no inﬂuence on bout or session RPE of these mixed sessions.
dditionally, the RPE of previous bouts has no effect on the RPE of
ubsequent randori bouts, therefore each bout can be individually
nalysed.
There was good correlation between session 1 and 2 measure-
ents blood lactate (ICC = 0.83, 0.00–1.00 95%CI) indicating that
his variable is stable, however there is some variance across the
ohort. The variance in blood lactate could be due to fatigue, some-
hing that was not measured in the present study and is a limitation.
he variability of other measures could be a result of different
ffort intensities performed by the athletes in the technical section,
nd is a common issue across judo literature.28 The ICC values of
ession-RPE (ICC = 0.84 0.11–1.00 95%CI) are in the middle of those
ound for separate technical (ICC = 0.64), and randori (repetitive
out) (ICC = 0.94) training sessions.16 This indicates that variance
n session-RPE is greater during technical training, and it appears
hat results of the present study reﬂect an expected variance during
ixed technical and randori sessions. High correlations were found
etween session 1 and 2 measurements of heart rate (average HR
CC = 0.95 0.74–1.00 95%CI, minimum HR = 0.94 0.64–1.00 95%CI),
ndicating that the aerobic cost of the two sessions was  similar.
hile heart rate and blood lactate appear to be stable variables
longside RPE, the practicality of collecting these in daily training
n judo is questionable, especially considering that local coaches
re likely candidates to collect and analyse training load data as
iscussed below. Given that sessions were similar and ICC values
re in line with previous literature, there is indication that the CR-
0 RPE scale is relatively stable across mixed technical and randoridicine in Sport 21 (2018) 1008–1012 1011
judo sessions and may  be more feasible to monitor load in this
population.
In the present study, there were no relationships between
session variables of RPE and blood lactate and heart rate
(min/max/average). Peak blood lactate and RPE have been previ-
ously found to correlate in a judo competition setting, but have not
been investigated speciﬁcally in training.14 Previous literature sug-
gests that as athletes perform more judo bouts there is an increase
in aerobic energy production and lower utilisation of anaerobic
lactic energy sources.28 Due to concerns for infection risk, blood
lactate was only taken after each athlete’s ﬁnal bout, and each ath-
lete completed a minimum of 5 bouts per session, with 9 bouts
being the most completed. It is likely that blood lactate varied each
bout and was highest in the ﬁrst bout, and would go some way  to
explaining the variance in blood lactate measurements across the
two sessions. It appears that to utilise blood lactate as a measure of
intensity in judo it must be taken after each individual judo bout.28
However, this may  not be a feasible way  of monitoring load in an
Australian judo club where elite players regularly train and coaches
volunteer their time for additional activities, such as load moni-
toring. There were no changes in the relationships between blood
lactate and session-RPE when age, competitive level and gender
were considered, aligning with previous research.28 Load monitor-
ing in Australian Judo via measurement of blood lactate may  be
impractical because of the inconvenience of taking blood samples
after each bout, as well as the ﬁnancial and time costs of equipment,
training and infection control procedures.
There were no relationships between individual bout or overall
session variables of RPE and heart rate (min/max/average). Cardio-
vascular strain during judo competition (calculated as time spent
in a bout), rather than heart rate (min/max/ave) was  found to
correlate to the 6–20 point Borg RPE scale.29 A review of judo lit-
erature has described differences in heart rate during competition
and training,28 however there does not appear to be any publica-
tions which have correlated heart rate and RPE in judo, as there
have been in numerous other sports.1–6 Heart rate and blood lac-
tate are indicators of energy expenditure, and are typically used as
reference standards to compare other measures against. In judo, it
does not appear that heart rate and RPE are related, regardless of
whether the entire session is analysed or a single judo bout. Theo-
ries exist as to why the relationship may not occur, stating that
afferent feedback from an athlete’s working muscles, lungs and
heart does not appear to contribute signiﬁcantly to RPE.30 Rather,
RPE is a measure of workload of the output of the athlete’s central
nervous system.30 Taking this into consideration with the present
studies results, it seems that heart rate may  not provide the whole
picture of workload in judo and should be used in combination with
other variables.
Both bout and session RPE were primarily related to the ath-
lete’s rating of their physical effort on the NASATLX scale. This
indicates that athletes factored in their physical effort more than
mental effort when giving an RPE rating. Findings also show that
a greater physical effort and more judo bouts within a session
resulted in a higher session-RPE rating. There were no interactions
between the physical effort across a session and the number of
bouts within a session, therefore it appears that both these vari-
ables could be manipulated to increase training session workload
in judo. In relation to the interaction between physical and men-
tal demand, previous literature illustrates that RPE is not affected
when physical demand is held constant and additional mental
demands are added.21–23 However, when mental demands are con-
stant, RPE increases alongside physical demand. The investigationusing non-speciﬁc physical tasks of lifting a box,23 bicep curls22
and stationary cycling,21 and is yet to be investigated in judo. The
present study provides a foundation to investigate whether such
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29.  Bonitch J, Ramirez J, Femia P et al. Validating the relation between heart rate
and Perceived Exertion in a judo competition. Med  Sport 2005; 58(1):23–28.
30. Marcora S. Perception of effort during exercise is independent of affer-012 S.J. Bromley et al. / Journal of Science a
 relationship holds true for judo. This may  have implications for
echnical training where physical effort is low and mental demand
s high, as it has been suggested previously that more technical judo
thletes rely less on the glycolytic system.28
A limitation of this study was that the technical section of
raining sessions was not able to be standardised. The conﬁdence
ntervals of workload variables would be expected to tighten with
tandardisation of exertion, techniques and repetitions. Nonethe-
ess, a strength of the study is the large sample size in comparison
o previous literature. Data shows that despite some variation in
he technical section’s structure, RPE appears to be a stable mea-
ure and can be utilised to monitoring workload in judo in mixed
echnical and randori sessions.
. Conclusion
The results of this study support the CR-10 scale as a load moni-
oring tool. The CR-10 scale was stable across sessions, can be used
cross different competitive levels, genders, and sessions. The RPE
f a training session can be manipulated by adding more/less bouts
r changing the physical effort involved in a bout (heavier oppo-
ent). Physical effort explained more of the variance in both session
nd bout RPE, and should be a consideration in its use.
ractical applications
RPE is feasible to use in mixed judo technical and randori sessions
to monitor training load.
Both individual randori and overall judo training sessions can be
rated using the CR-10 scale.
Exertion comparisons can be made across different genders and
competitive levels of judo athlete.
The total number of bouts or physical effort in a bout (heavier
opponent) may  be manipulated to increase overall session RPE.
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11.3. THE LINKS BETWEEN OBSERVED (COACH) AND EXPERIENCED 
(ATHLETE) RATING OF PERCIEVED EXERTION, AND AGREEMENT OF 
COACHES ON ATHLETE EXERTION 
Section 11.3 has been removed at the request of the author due to 
copyright restrictions.
[59] 
11.4. SUMMARY OF CHAPTER 11 
Section 11.4 has been removed at the request of the author due to 
copyright restrictions.
[61] 
12.1. INTRODUCTION 
Injuries and illness, collectively referred to as health problems,22 have been recognised as 
burdensome, yet preventable, in a range of sports.15 33 102 119-121 Surveillance of health problems is a 
constant process of collecting data relating to the existence and causes of injuries and illnesses.122 
When surveillance programmes return high-quality data, injury and illness trends can be identified and 
strategies to prevent the occurrence of injury and illness, such as load monitoring, can be put in place.4 
122 Before such strategies can be put in place, there must be careful design and implementation of injury 
and illness surveillance programmes. This limits biases in surveillance data collection and maximises the 
capture of injuries and illnesses. 
As concluded in the systematic review (Section 10.3, Page 52) the methodology of previous 
surveillance literature on injury and illness in combat sport has introduced a range of biases into 
collected data. Only one prospective epidemiological study with low risk of bias on injury in combat 
sport currently exists.32 Other studies have introduced bias, whether recall alone55 122 123 or both recall 
and survival bias together.58 59 There were also limitations with the injury and illness definitions utilised 
in these reviewed studies. Only one study defined illness,104 others utilised time-loss definitions for 
injury,33 55 123 and some did not provide working definitions for either injury or illness,122 124 resulting in 
the potential loss of many self-managed issues. Many definitions considered an injury a physical 
complaint which limits training and competition participation, which may or may not be reported to a 
clinician. In this example, injuries of athletes which do not limit participation and are not deemed 
serious enough by the athlete to report to a clinician are not recorded in the data collection. The 
incidence of injury and illness are also not comparable across combat sports due to diverse exposure 
measures and classifications of severity.  
As discussed in Sections 7.4 (Page 34) and 7.5 (Page 36), there are both barriers and facilitators to 
the implementation of large-scale research projects that are particular to the way that combat sports 
are structured in Australia. Australian combat sport is decentralised, with competitive athletes training 
across the country and coming together sporadically for training camps. This is different to overseas 
training centres which have athletes living and training in one facility, with sports science and sports 
12. THE TRIALING OF DATA COLLECTION METHODS FOR INJURY AND 
ILLNESS SURVEILLANCE IN COMBAT SPORT 
[62] 
medicine teams working alongside them to collect surveillance data to monitor athletes and act upon 
gathered information. Researchers in other sports have attempted to bridge this gap by utilising online 
athlete self-report monitoring (ASRM) systems to collect health-related data of athletes,125 as discussed 
in Section 7.2.1 (Page 26). Implementation of self-report systems investigated across team and 
individual sports, and the level of support driven by the training environment or the coach can become 
either barriers or facilitators to uptake and engagement.76 When a self-report tool was part of a part of 
normal training practices athletes were more engaged with the tool, regardless of whether they were 
in sports classified as individual or team. It was hypothesised that social pressure of the team or coach 
and an athletes’ personal interest in the ASRM output were facilitators to engagement.76 This may not 
be the case for combat sport however, as a recent study found that engagement with an ASRM in  judo 
was lower (50%) in comparison to swimming and volleyball (61% and 56%, respectively).126 Reasons 
that judo, as well as other combat sport, may have lower uptakes of self-report systems is multifaceted, 
and is discussed throughout Sections 7.4 (Page 34) and 7.5 (Page 36). However, it is clear that the design 
of an online system directly impacts the ongoing engagement of athletes.76 Therefore, it is imperative 
that an ASRM is designed to collect the most data yet have the smallest possible time-burden for data 
entry.  
By utilising a questionnaire which allows all domains of the Injury Definitions Classification 
Framework (Section 7.1.3, Page 20) to be covered (such as clinical examination, athlete self-report and 
sports incapacity), multiple health problems, injuries and illnesses can be coded and compared to both 
sports and hospital-related data.1 22 127 128 The Oslo Sports Trauma Research Centre (OSTRC) has 
investigated the difference between the numbers of injuries and illnesses recorded when using 
standard methods as compared to a questionnaire specifically designed to capture reoccurring issues.22 
The Health Problems Questionnaire, terms injury and illness as ‘health problems’, and refers to ‘physical 
complaints’, for example ‘pain, aching, stiffness, or other complaints in my shoulder’. Some limitations 
exist with this tool, and are described in Section 7.2.1 (Page 26), however, by focusing on a ‘physical 
complaint’ or ‘health problem’, rather than ‘injury’ or ‘illness’, almost ten times more data was 
captured.22 When recurrent health problems are captured, analyses of how injuries and illness are 
related to one and other can be performed.60  
The results from the systematic review in Section 10.3 (Page 52) conclude that sports incapacity 
and clinical examination injuries are being captured in published combat sport literature. However, due 
to a combination of the methodology and the injury and illness definitions utilised in published combat 
sport literature (not making a self-report tool available to athletes and not including self-reported 
[63] 
injuries and illnesses), there is potentially a large number of unrecorded health problems in these 
sports. This chapter trials a possible injury and illness data collection approach by implementing a 
surveillance study utilising the ‘physical complaint’ definition for injury and illness and collectively 
referring to them as ‘health problems’. Due to the decentralised nature of the combat sports in 
Australia, face to face contact with athletes during data collection for this trial was rare and 
communication with participants was primarily via online systems. The research context was elite or 
developing elite Australian athletes from boxing, judo, taekwondo and wrestling. 
12.1.1. Objectives and research questions 
The objectives of this chapter are outlined in Table 2 (Page 43) and the nature and extent of 
contributions are provided in Section 9.3, Page 42.  
This chapter addresses the following research questions: 
8.2.6. ‘What is the rate of uptake and engagement with online tools for injury, illness and load 
monitoring in combat sports?’ 
8.2.7. ‘What is the difference between the number of new and repeated injury codes during the 
surveillance period?’ 
8.2.8. ‘What are the strengths and limitations of the ‘time loss’ and ‘physical complaint’ definitions for 
injury and illness?’ 
12.1.2. Paper 4: The feasibility of using an electronic system to collect health and exposure data 
in Australian Olympic combat sports (accepted version) 
This publication was submitted to the Journal of Medical Internet Research (Impact Factor 4.671) 
on 30th November 2017 and accepted for publication on 18th June 2018. It is presented here in its final, 
full version, as accepted by this journal. Accompanying tables and supplements for this publication 
appear after the publication itself. 
Original Paper
Collecting Health and Exposure Data in Australian Olympic
Combat Sports: Feasibility Study Utilizing an Electronic System
Sally Bromley1,2, MSc; Michael Drew1,2, PhD; Scott Talpey2,3, PhD; Andrew McIntosh2, PhD; Caroline Finch2,4, PhD
1Physical Therapies Department, Australian Institute of Sport, Canberra, Australia
2Australian Centre for Research into Injury in Sport and its Prevention, Federation University Australia, Ballarat, Australia
3School of Health and Life Sciences, Federation University Australia, Ballarat, Australia
4School of Health and Medical Sciences, Edith Cowan University, Perth, Australia
Corresponding Author:
Sally Bromley, MSc
Physical Therapies Department
Australian Institute of Sport
Canberra,
Australia
Phone: 61 411802057
Email: sally.bromley@live.com.au
Abstract
Background: Electronic methods are increasingly being used to manage health-related data among sporting populations.
Collection of such data permits the analysis of injury and illness trends, improves early detection of injuries and illnesses,
collectively referred to as health problems, and provides evidence to inform prevention strategies. The Athlete Management
System (AMS) has been employed across a range of sports to monitor health. Australian combat athletes train across the country
without dedicated national medical or sports science teams to monitor and advocate for their health. Employing a Web-based
system, such as the AMS, may provide an avenue to increase the visibility of health problems experienced by combat athletes
and deliver key information to stakeholders detailing where prevention programs may be targeted.
Objective: The objectives of this paper are to (1) report on the feasibility of utilizing the AMS to collect longitudinal injury and
illness data of combat sports athletes and (2) describe the type, location, severity, and recurrence of injuries and illnesses that the
cohort of athletes experience across a 12-week period.
Methods: We invited 26 elite and developing athletes from 4 Olympic combat sports (boxing, judo, taekwondo, and wrestling)
to participate in this study. Engagement with the AMS was measured, and collected health problems (injuries or illnesses) were
coded using the Orchard Sports Injury Classification System (version 10.1) and International Classification of Primary Care
(version 2).
Results: Despite >160 contacts, athlete engagement with online tools was poor, with only 13% compliance across the 12-week
period. No taekwondo or wrestling athletes were compliant. Despite low overall engagement, a large number of injuries or illness
were recorded across 11 athletes who entered data—22 unique injuries, 8 unique illnesses, 30 recurrent injuries, and 2 recurrent
illnesses. The most frequent injuries were to the knee in boxing (n=41) and thigh in judo (n=9). In this cohort, judo players
experienced more severe, but less frequent, injuries than boxers, yet judo players sustained more illnesses than boxers. In 97.0%
(126/130) of cases, athletes in this cohort continued to train irrespective of their health problems.
Conclusions: Among athletes who reported injuries, many reported multiple conditions, indicating a need for health monitoring
in Australian combat sports. A number of factors may have influenced engagement with the AMS, including access to the internet,
the design of the system, coach views on the system, previous experiences with the system, and the existing culture within
Australian combat sports. To increase engagement, there may be a requirement for sports staff to provide relevant feedback on
data entered into the system. Until the barriers are addressed, it is not feasible to implement the system in its current form across
a larger cohort of combat athletes.
(JMIR Hum Factors 2018;5(4):e27)   doi:10.2196/humanfactors.9541
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Introduction
Injury and illness can markedly impair an athlete’s performance,
both in training and competition [1]. Injury and illness
monitoring is the foundation stage of accepted prevention
frameworks and can be described as the routine collection and
reporting of injury and illness data [2,3]. Results from a recent
review have indicated that there is a lack of high-quality,
prospective injury and illness data published across the Olympic
combat sports of judo, boxing, taekwondo, and wrestling [4].
Only one high-quality study was identified in the review, which
was in the sport of judo [5]. In this study on judo, a dedicated
medical team worked alongside coaches to prospectively collect,
analyze, and act upon health-related information on a daily basis
[5], thereby potentially enhancing the capture of injuries and
illnesses. In Australia, combat sports organizations are limited
in their ability to hire medical personnel to collect and report
on injury and illness data. Therefore, there is a need to utilize
online data systems, which can be accessed from across the
country. With many athletes owning or having access to personal
electronic devices, online systems have the potential to be easily
administered to collect health [6] and training data directly from
athletes [7].
A large portion of the epidemiological literature on combat
sports details injuries and illnesses, which were sustained by
athletes at competitions [8-17]. Collecting data solely at
competition introduces the survival bias, whereby athletes who
are severely injured and ill would be unlikely to be present at
the competition where the data are being collected. Therefore,
the injury and illness patterns described in these studies may
not be accurate in relation to the overall athlete health.
Monitoring athletes both in and out of competitions can address
the survival bias; moreover, it can enhance the capture of
recurrent health problems. Work from the Oslo Sports Trauma
Research Centre shows that the weekly administration of injury
and illness questionnaires is superior to the monthly
administration for the capture of reoccurring injuries or illnesses
[6]. With the increasing evidence that modified training due to
injury and illness can also lead to a loss in long-term
performance [18,19], it is important to give athletes the tools
to self-report on their health and well-being.
An online system termed the Athlete Management System
(AMS; Smartabase, Fusion Sport, Brisbane, Australia) has been
adopted by the Australian Institute of Sport (AIS) to collect and
store the health-related data of Australian high-performance
athletes. The AMS allows the capture of recurrent health
problems by providing athletes with an avenue to self-report
injuries, illnesses, and training information. While not being
designed specifically for each sport, the AMS meets the needs
of a range of sports stakeholders, including doctors,
physiotherapists, and coaches who can access, add to, and act
on athlete health and training data. Training status, injury, and
illness have been linked to performance outcomes in track and
field by utilizing data collected via the AMS [19]. The AMS
has also been utilized to promote shared decision making in
volleyball around the risks and benefits of athletes participating
in camps and competitions [1]. The data collection tools within
the AMS can be customized to some degree; however, a
limitation of the system is that the overall design remains the
same regardless of the sport it is utilized for. In addition, the
AMS does not assist with interpreting data once it is entered.
To obtain information that can be fed back to coaches and
athletes, a certain amount of work is required by sports
personnel. In track and field, water polo, volleyball, and soccer,
the sports staff who interpret and disseminate feedback based
on the AMS data are physiotherapists and sports scientists based
at the AIS. In a previously utilized cost-effective method, [5],
team physiotherapists have collected data and provided feedback
to coaches and athletes. In a recent study of 131 athletes across
a range of sports, the provision of feedback was shown to
enhance the uptake and engagement with an online self-report
system [7]. Unlike Australian volleyball and track and field,
there are no dedicated support staff, such as team
physiotherapists, that drives monitoring and provides feedback
for Australian combat sports programs. Due to a lack of support
staff, it is unknown whether utilizing the AMS to monitor
combat sports athletes and collect injury and illness data will
be feasible.
The objectives of this paper are to (1) report on the feasibility
of utilizing the AMS to collect longitudinal injury and illness
data of combat sports athletes and (2) describe the type, location,
severity, and recurrence of injuries and illnesses that an elite
cohort of athletes experience across a 12-week period.
Methods
Participants
A feasibility study was implemented, and the source population
was drawn from internationally competitive athletes in judo,
boxing, taekwondo, and wrestling, who were affiliated with the
AIS Combat Centre. Participants were recruited in April 2016,
during an Olympic preparation camp. Of note, 5 eligible athletes
were unable to attend the camp and were, therefore, contacted
individually.
The inclusion criteria were elite and developing elite athletes
who were affiliated with the AIS Combat Centre. Elite athletes
were defined as those who had competed internationally for
World Championship and Olympic qualification events in the
previous 12 months. Developing elite athletes were defined as
those who had competed internationally in Junior Grand Slams,
Junior World Cups, and Junior World Championships in the
previous 12 months. The exclusion criteria were athletes who
only competed domestically and those who were not affiliated
with the AIS Combat Centre. This project received ethical
approval from an Australian Human Research Ethics Committee
(approval number A16-023).
Electronic Data Collection
In this study, we utilized 2 tools within the AMS: (1) a tool
designed to capture training load and injuries for each training
session termed “session monitoring” and (2) the Health Problems
Questionnaire (HPQ) [6]. The AMS is accessible from personal
computers, tablets, and phones and can be utilized both online
and offline to record a range of training and health-related data.
The session monitoring and HPQ tools were displayed on the
AMS home screen, which was visible to athletes after logging
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in with their unique identification and password. The session
monitoring and HPQ tools were specifically selected because
they collected data on the training status and the degree to which
injury and illness affected the training quality, respectively.
Together, the tools allow athletes to report injuries and illnesses
and whether they trained without modification and the degree
to which they needed to modify their training because of injury
and illness.
The session monitoring tool recorded information about the
type, duration, and intensity of training sessions and whether
athletes experienced any injuries. If the athletes answered “yes”
to sustaining an injury, they were prompted to further document
the affected area on an electronic body map and were asked to
provide additional written detail about the injury. The training
load was computed as the rating of perceived exertion multiplied
by the session duration for each training session. This is a
cost-effective method, previously utilized in judo to quantify
the training load [20-24]. Additionally, rapid shifts in training
load have been associated with injury incidence and severity,
and they represent a method of calculating the exposure [25].
The HPQ is a questionnaire designed to capture athlete
self-reported injuries and illnesses, which may or may not result
in lost training time [6] and is embedded within the AMS.
During the study, when an athlete clicked on the HPQ section
within the AMS, 4 questions appeared related to the degree to
which the athlete experienced a health problem that week. If
they answered that a health problem had affected them,
additional questions appeared that requested more detail about
that health problem. The HPQ allows athletes to report on up
to 10 health problems each week by asking “Have you
experienced any other health problems this week?” as the final
question. If the athletes answer yes, they are taken back to the
start of the questionnaire. Previous literature utilizing this
questionnaire found that a cohort of 142 Olympic athletes
collectively documented 15 health problems per week; therefore,
the option to report 10 health problems per athlete per week
was determined to be sufficient [6]. The severity of combined
health problems (injuries and illnesses) was calculated by
scoring the responses to the 4 key questions from 0 (no
problems) to 25 (maximum level), as has been published
previously [26]. Where athletes reported the same injury and
illness across both the session monitoring and HPQ tools, the
HPQ data was omitted for that week to avoid duplication. Figure
1 displays the data captured across each tool and the frequency
of administration.
Figure 1. Electronic data collection tools accessible from the Athlete Management System (AMS) home screen and the frequency of administration.
RPE: rating of perceived exertion.
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Upon enrollment, the principal researcher (SB) tested each
athlete’s access to the electronic system by accessing the AMS
app on a smartphone and logging in as each athlete. Access to
each tool was checked for each athlete; however, no data were
saved. Study information was presented by SB as part of an
introductory session of the Olympic preparation camp, where
athletes performed administrative tasks and were briefed on the
camp schedule. Upon enrollment in the study, written informed
consent to contact the athlete’s treating health professionals
(medical practitioners, physiotherapists, etc) and their coaches
was obtained in case there was a need to verify any entered data.
In addition, consent was obtained for researchers to be able to
contact the participant with reminders (eg, phone, email,
face-to-face) to enter their data. After the camp, detailed
instructions of how to access the AMS and enter data in both
session monitoring and HPQ sections were emailed to enrolled
athletes. Athletes were free to withdraw their consent at any
time without penalty. Reminders and requests were sent to
athletes when data were missing or incomplete. Sample
communications are presented in Multimedia Appendix 1.
Coaches were not utilized as a means to increase the athlete
engagement with the AMS; this decision was made so that a
coach’s previous experience with the system, if any, would not
affect this study.
Data Analysis
Daily engagement with the session monitoring section of the
electronic system was calculated and expressed as a weekly
average. For each day of the study period, the number of athletes
who made a session monitoring entry (which included an option
for rest days) was divided by the total number of athletes
enrolled in the study. This daily result was then averaged across
7 days to give a weekly cohort engagement score, expressed as
a percentage (Figure 2). The weekly cohort engagement score
indicates an athlete’s autonomy to self-engage with the AMS.
Descriptive statistics were used to determine the level of uptake
(percentage of athletes who were engaged within the first week
of data collection) and engagement across the combat sports.
In addition, injuries and illnesses were coded using the Orchard
Sports Injury Classification System (OSICS) version 10.1 and
the International Classification of Primary Care, version 2
(ICPC-2) [27,28]. Days lost to injury and illness were recorded,
and the severity of injuries or illnesses were calculated using
published methods [26]. Data were analyzed using Stata (13
IC, Stata Corp, College Station, TX, USA).
Figure 2. Method of calculation for weekly compliance rates. R: rest day; F: full training; M: modified training. Gaps indicate no data were entered
for that day by that athlete.
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Results
Uptake and Engagement With the Electronic System
In total, 21 athletes attended the Olympic preparation camp
(boxing: 5 [3 females, 2 males], judo: 9 [4 females, 5 males],
taekwondo: 3 [2 females, 1 male], wrestling: 4 [4 males]), and
an additional 5 who did not attend the camp were contacted
(boxing: 3 [1 female, 2 males], judo: 1 [1 male], taekwondo: 1
[1 male]), totaling 26 athletes (10 females, 16 males). Of the
26 athletes, 9 judo (4 females, 5 males) and 7 boxing (4 females,
3 males) athletes were enrolled in this study (response rate,
55%), with no taekwondo or wrestling athletes being enrolled.
Of all the registered participants, 13% (2/16) participants entered
data across the entire study period, 56% (9/16) entered data
intermittently, and 31% (5/16) did not enter any data (boxing:
1 [1male], judo: 4 [3 females, 1 male]). Data collection ranged
from 84 to 109 days, equaling 12-15 weeks, depending on where
the athletes were recruited within the recruitment period.
Including the recruitment period, there was the potential to
administer 224 weekly HPQs; however, only 27.2% (61/224)
HPQs were completed. During the study, there was potential to
collect 1744 days of data, yet only 34.6% (603/1744) days were
logged into the online system. Table 1 summarizes the athlete
characteristics and engagement rates across the monitoring
period.
Table 1. Participant characteristics and engagement rates for the study period.
Health Problems Questionnaire engagement (weeks recorded), n (%)Engagement (days recorded), n (%)Competitive statusSport
8 (80)a61 (75.3)aDeveloping eliteJudo
9 (64)104 (95.4)Developing eliteJudo
9 (64)71 (65.1)EliteJudo
6 (43)61 (56.5)EliteJudo
0 (0)50 (45.9)EliteJudo
13 (93)82 (75.2)EliteBoxing
9 (64)54 (50.0)Developing eliteBoxing
5 (50)ᵃ32 (41.6)aEliteBoxing
3 (21)12 (11.0)EliteBoxing
1 (7)9 (8.3)EliteBoxing
0 (0)a69 (87.3)aEliteBoxing
aFour weeks into the study, 3 athletes joined, 1 “developing elite” and 2 “elite”; therefore, engagement for these 3 athletes was measured on the basis
of 81, 77, and 79 days, respectively, and 10 HPQs.
Figure 3. Average engagement rate across the cohort during each week of the study period.
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The level of athlete engagement with the session monitoring
section of the electronic system began at 32%, increased to 53%
at week 7, and slowly declined to 21% at week 15. Figure 3
depicts the level of engagement across the study period.
Over the study period, 161 separate communications were made
by the principal researcher to the participating athletes via short
message service (SMS) text messages (81/161, 50.3%), email
(38/161, 23.6%), phone calls (2/161, 1.2%), face-to-face
conversations (14/161, 8.6%), and a combination of methods
(26/161, 16.1% SMS text messages plus email). The estimated
time commitment for the principal researcher (SB) was 90
seconds per communication, equal to approximately 16 minutes
per week of reminders and troubleshooting. In addition, SB had
face-to-face conversations with 8 coaches of the enrolled athletes
to reinforce the study benefits and made 17 communications to
athletes who did not attend the camp to encourage them to
engage with the tools (Multimedia Appendix 1).
Injuries and Illnesses
Over the study period, 23 unique injury codes and 7 unique
illness codes were captured. There were 93 repeats of injury
codes and 7 repeats of illness codes across both the tools,
totaling 130 injury and illness incidents. Table 2 outlines the
body area and prevalence of injuries and illnesses experienced
by combat athletes across the study period.
Of note, 2 injuries affected one particular athlete for 8 weeks
each, often being logged in the same session. In addition, 4 judo
and 5 boxing (9/16, 56%) athletes completed HPQs throughout
the monitoring period; however, their session monitoring entries
were mostly inconsistent. Figure 2 displays the severity of health
problems experienced by these athletes for each week of the
study period. A taller column for an athlete in a given week
indicates that a health problem affected their training to a greater
degree. Where there is no column for athletes, they either did
not complete an HPQ or experienced no health problems that
affected their training. In general, the combined severity of
health problems (injuries and illnesses) captured suggests that,
in this specific cohort, judo athletes tended to report more severe
health problems than the boxers (Figure 4).
Time Lost to Injury and Illness
In this study, 2 injuries and 3 illnesses in 3 athletes (5/30, 16%,
of unique injury and illness codes) resulted in lost training time.
Time-loss for these events did not exceed 2 days. Generally,
athletes trained through injury and illness for all remaining
injuries and illnesses.
Table 2. Injuries and illnesses experienced by combat sports athletes (N=16) across the study period according to the sport and the complaint and area.
Total, nBoxing, nJudo, nComplaint and area
Illnessa
1N/Ab1Abdominal pain or general cramps
N/AN/AN/AChest infection
312Chest symptom or complaint
1N/A1Fever
514General symptom or other complaint
312Lymph gland(s) enlarged or painful
Injuryc
6N/A6Foot
312Head
312Hip and groin
43412Knee
33N/ALower leg
523Lumbar spine
N/AN/AN/ANerve issue, arm
972Shoulder
1019Thigh
844Trunk and abdomen
27198Wrist and hand
aTotal illness: judo 10 (8%), boxing 3 (2%); percentages are calculated based on the total number of illnesses collected during the monitoring period.
bN/A: not applicable.
cTotal injury: judo 38 (29.2%), boxing 79 (60.8%); percentages are calculated based on the total number of injuries collected during the monitoring
period.
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Figure 4. Severity of health problems in boxing (n=5) and judo (n=4) athletes across the study period (unfilled squares: uncompliant; shaded squares:
compliant but with no reported health problems).
Discussion
Principal Findings
This study reports the feasibility of utilizing the AMS to collect
injury and illness data of combat sports athletes over a 12-week
period and provides information on the injuries and illnesses
sustained by the cohort during this time. A key finding is that
engagement with the AMS was low; therefore, strategies to
increase engagement will need to be specifically addressed if
the AMS is to be fully implemented as a monitoring tool across
the combat sports. However, data collected via the system
illustrates a need for monitoring as the cohort experienced
multiple health problems that tended to recur or progress toward
chronicity.
Engagement With the Athlete Management System
Coach endorsement is one of the most important
socioenvironmental factors for promoting the initial uptake of
a monitoring system [7]. In an attempt to increase coach
endorsement and subsequent athlete engagement, this project
was launched at an Olympic preparation camp where coaches
were directly informed about the study benefits. Despite
launching at a high-profile camp, athlete engagement with the
AMS was low across the study period, and at its peak, only half
of the athletes were entering data; this aligns with a recently
published work investigating the uptake of a similar self-report
system in judo, swimming, and volleyball (50%, 61%, and 56%,
respectively) [7]. A number of factors potentially influenced
engagement with the AMS, including access to the internet, the
design of the system, coach views on the system, previous
JMIR Hum Factors 2018 | vol. 5 | iss. 4 | e27 | p.7http://humanfactors.jmir.org/2018/4/e27/
(page number not for citation purposes)
Bromley et alJMIR HUMAN FACTORS
XSL•FO
RenderX
experiences with the system, and the existing culture within
Australian combat sports.
Most athletes undertook competition travel during the
monitoring period where a number of issues could have limited
their intent to engage with the AMS. An offline mode is
available at the log-in screen; however, once an athlete is logged
in, the offline feature is less obvious. An athlete using the system
in Australia may not log out when overseas; therefore, he or
she may forget that this feature is available. Overall, the
engagement rates indicate that the system is not intuitive and
requires additional motivation and effort to use. Athletes who
engaged with the system in the first week of the study were
more likely to continue to engage thereafter. Internal motivation
likely came from the study being launched at an Olympic
preparation camp, where there may have been social desirability
to use the system. Utilizing the preparation camp to increase
internal motivation was the intent, as higher internal motivation
has been linked to higher engagement with monitoring tools
[7].
In contrast, those who did not engage early in the study did not
change their behavior, even when contacted by the research
team and encouraged to utilize the system. This could be
attributed to a lack of additional encouragement from coaches
to utilize the system as some had used the system before and
were not convinced of its benefit. The AMS had been previously
implemented in boxing across a small cohort, and monitoring
and engagement was driven by a single staff member employed
by Boxing Australia Limited. This staff member applied
penalties for failing to engage with the system, rather than
highlighting the benefits of such a system to athletes and
coaches. It is possible that in this early trial, some coaches and
athletes had good experiences (did not receive punishments)
and some had bad experiences (received penalties) and that
these previous experiences affected their intent to engage in the
study. To avoid the influence of a coach’s previous experience,
athletes were contacted directly and coaches were not utilized
to increase engagement. However, it is possible that some
coaches may have expressed their opinion on the system to
athletes at some point during the study.
As mentioned above, the outputs of the AMS require a level of
interpretation, and therefore, feedback to athletes on their entered
data is not immediate. This is a significant failing and is likely
to contribute to the low engagement rates. The provision of
immediate and relevant feedback to athletes has been cited as
one of the key determinants as to whether an athlete will engage
with a self-report tool [29]. In addition, feedback must be from
a reputable and relevant source, such as a coach or sports staff
member who works closely with athletes participating in
monitoring programs [30]. Regular contact from the research
team did not influence the rate of entry, whether used as a
reminder or as positive reinforcement; therefore, it is possible
that athletes did not view the source of feedback as relevant or
reputable. Overall, approximately one-third of training days and
one-quarter of HPQs were collected across the study period,
indicating that it is not currently feasible to utilize this system
to report injury and illness under the current combat sports
structure. A primary difference between studies that have
successfully collected high-quality data through the AMS and
this study is that support staff were employed by those other
national sports organizations to interpret and provide relevant
feedback on entered data to coaches and athletes. In combat
sports, no staff are currently employed to provide such services.
If the AMS is to be fully implemented, it will likely require
dedicated staff to maximize engagement and subsequent data
quality.
Injuries and Illnesses Within the Cohort
Despite low engagement with the monitoring system, a large
number of health problems were reported through it, the majority
of which did not affect training time. Of 603 recorded training
and competition days, only 7 days were lost and 11 days
modified due to injury and illness. There was double the number
of repeated injury codes than unique injury codes, suggesting
that athletes carried chronic injuries or injuries had a high
recurrence. Data collected via online systems in Paralympic
athletes showed that, on average, athletes sustained 0.31 new
injuries per week (15 injuries recorded by 12 athletes over 4
weeks) [31]. The Paralympic study utilized similar injury and
illness definitions to those in this study, which allowed the
capture of injuries that did not result in lost training or
competition time but affected the quality of training or
competition. In this study, combat athletes reported more than
double this amount—116 injuries over 12 weeks, equaling 0.88
injuries reported per week. Combat athletes were able to
continue training irrespective of injury and illness events in
97% of cases. Together, these results suggest that this cohort
of combat athletes maintained their training despite experiencing
repeated health issues. In the cohort, the areas that had the
highest injury frequency were the thigh in judo (n=9) and knee
in boxing (n=41), with wrist and hand injuries being second
highest in both sports (n=8 and n=19, respectively). This is in
contrast with previous combat sports research, which indicates
that the head or face is the most injured area in boxing training
[32,33] and that the lower back is the most injured area in judo
training [5]. This difference could be attributed to the injury
and illness definitions utilized in previous studies, which have
focused on injuries and illnesses that resulted in medical
treatment and lost training time. This is a noted limitation in the
combat sports literature [4] and does not account for injuries
that may be self-managed by athletes, as discussed below.
Considerations for Monitoring Systems in Combat
Sport
Self-report systems allow athletes to report self-managed health
problems, which may not be apparent during training or require
an urgent visit to a medical professional. In previous combat
sports studies, data have been collected using paper-based
systems and face-to-face consultations between medical staff,
coaches, and athletes [5,32]; this leaves a gap in the collection
of self-reported injuries and limits the ability to make
comparisons between rates of self-managed health problems
and those which require treatment by medical practitioners. A
strength of this study is that the session monitoring tool within
the AMS allowed athletes to reflect on a single training session;
this likely increased the capture of these self-managed issues,
which appear to have little impact on training time yet appear
to impact performance during training. Additionally, in previous
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judo and boxing research, all health problems have been treated
in separation and, therefore, smaller problems may not have
been recorded. Subsequently, the relationships between small
and large injuries in combat sports could not be investigated as
they have been in other sports [34]. Due to sample size
limitations and low engagement, an analysis of the relationships
between injuries is not possible; however, this study shows that
using the HPQ and session monitoring tools within the AMS,
these health problems can be documented.
In this study, athletes reported that they were able to train
through the majority of their health problems; however, these
problems led to reductions in performance, pain, or modified
training and often lasted multiple weeks. This result may have
been overlooked if the definition of injury had been restricted
to lost training time, rather than relating to physical complaints.
Only 4% of health problems would have been captured if a
“time-loss” definition had been used in this cohort, meaning
that 97 reports of health problems affecting athletes would not
have been included in the final pool of injury and illness data.
The majority of these (63 health problems) were repeats of
previous OSICS or ICPC-2 codes, indicating that the issues
were more recurrent than acute in nature. The phenomenon of
training through injury may be unique to this particular cohort;
however, due to combat sports being contact in nature with the
goal to physically dominate an opponent, it is likely that training
while carrying an injury is part of combat sports culture.
Therefore, utilizing only missed training or competition time
to define combat athlete injury and illness may not allow a full
capture of injuries or illnesses in these athletes. To improve
outcomes for athletes, health problems that affect both training
time and the quality of health should be considered when
identifying where prevention programs are targeted.
Limitations and Considerations for Future Research
Results from this study provide preliminary data detailing
injuries or illnesses in this cohort of Australian judo and boxing
athletes. Generalizing the injury and illness results of our study
to the wider combat sports population is not appropriate due to
the select cohort and the low engagement with the monitoring
system. Furthermore, inconsistent engagement, both among
athletes and across the monitoring period, likely affected the
results. While these issues prevent application to the larger
community of combat athletes, the study delivers important
learnings around the utilization of the AMS as a monitoring
system for combat sports. Reportedly, injury and illness
monitoring allows the identification of injury and illness patterns
and provides information for the development of intervention
programs [2]. Despite the potential of AMS tools to collect
high-quality data, a widespread implementation of the system
in its current form is not feasible in Australian combat sports
due to low engagement. Furthermore, issues with engagement
could potentially be addressed by investing in the relevant
medical or sports staff to assist with data interpretation and
provision of timely feedback to athletes.
Conclusions
Australian combat athletes appear to experience repeated health
problems, yet there are no permanent processes in place to
monitor the health of these athletes. Results from this study
indicate that engagement with data reporting systems such as
the AMS is poor, possibly due to system designs that fail to
provide immediate and relevant feedback on entered data. To
address these barriers, relevant staff who can provide feedback
to coaches and athletes and troubleshoot problems are required.
Until the barriers are addressed, it is not feasible to implement
the system across a larger cohort of combat athletes.
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12.2. SUMMARY OF CHAPTER 12 
Engagement with two online self-report tools (Session Monitoring or Health Problems 
Questionnaire) was measured throughout the study. Health problems (injuries and illnesses) entered 
into the online data collection tools were coded. Despite over 160 emails, text messages and phone 
calls, athlete engagement with the ASRM was poor, with only 13% of athletes entering data across the 
12-week period. Due to this, only descriptive statistics were able to be reported. Irrespective of the low
engagement, sixty injuries and illnesses were recorded: 22 unique injuries, 8 unique illnesses, 30 
recurrent injuries and two recurrent illnesses. The knee (n=41) and thigh (n=9) were the most 
frequently reported areas of injury in boxing and judo, respectively. In the majority of cases, athletes 
trained through their injuries (97%), indicating that the ‘time-loss’ definition commonly employed in 
sports epidemiology (Section 7.2.1, Page 27) is not appropriate for combat sport.  
Wrestling Australia provided verbal support and when contacted for written support did not 
respond. No wrestling athletes engaged with the online athlete self-report tools or signed consent 
forms and therefore no wrestling athletes were in the cohort. One national institute (AIS) and two 
national sports organisations (BAL and JFA) provided letters of support and athletes from these sports 
consented to participate (see Appendices 16.1.5, 16.1.6 and 16.1.7, respectively). 
Together, these results indicate that there is a need for ongoing injury and illness surveillance in 
combat sport. However, research teams may not be optimal drivers of surveillance and monitoring 
programmes. The literature around the implementation of prevention programmes indicates that 
coaches and managers are key drivers within sports organisations, and can assist in the rollout of such 
programmes (discussed in Chapter 13, Page 66). In order to determine whether coaches and managers 
within the combat sports will champion the implementation of injury and illness programmes, their 
knowledge and beliefs of the seriousness and risk of injury and illness within their respective sports 
must first be investigated. In Chapter 13 (Page 66), implementation research is discussed and the 
combat sport coach and manager awareness and views of prevention are investigated. 
[65] 
13. TRANSLATING PREVENTION RESEARCH INTO PRACTICE THROUGH
COACH EDUCATION 
Chapter 13 has been removed at the request of the author due to 
copyright restrictions.
[97] 
14. THESIS DISCUSSION
Chapter 14 has been removed at the request of the author due to 
copyright restrictions.
[110] 
There is currently a lack of consensus around the methodology of epidemiological studies in combat 
sport, which limits the potential for combined care in judo, boxing, taekwondo and wrestling. There is 
also not enough high-quality information to fulfil TRIPP Stages 1 or 2, which are the foundational phases 
of the development of prevention programmes. Under the current combat sports system, it is not 
feasible to collect high-quality epidemiological or training load data utilising online systems, as athlete 
engagement with these systems is low. Therefore, coaches and managers’ injury and illness prevention 
knowledge was investigated. While coaches and managers have a good level of knowledge about the 
risk and seriousness of injury and illness in combat sport, they appear to look to their national sporting 
organisations for leadership in the injury and illness prevention space. Overall, the findings of this thesis 
indicate that due to a lack of injury and illness data, the barriers to injury and illness data collection 
15. CONCLUDING REMARKS
[111] 
must be addressed in order to develop evidence-based injury and illness prevention strategies for 
combat sport. Responses from high-level coaches and managers indicate that national sporting 
organisations are primary candidates promote prevention research and that leadership must come 
from the organisational level to stimulate change. 
[112] 
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16.2. CHAPTER 13 – SURVEY DESIGN AND RESULTS 
16.2.1. Table 8 – Baseline survey questions and their reasons for inclusion. 
Question Question Type 
Question/response 
options Reasons for inclusion^ 
Research question 
addressed 
Please enter your name. Free-text  Demographics  
How old were you on your last birthday? Free-text  Demographics  
What sport do you represent? Multiple choice Boxing 
Judo 
Taekwondo 
Demographics  
What is your primary, current role in your sport? Multiple choice Technical coach 
High performance 
manager 
Demographics  
What is your current level of coaching accreditation 
within your sport? 
Free-text  Demographics  
How many years have your spent coaching your sport? Free-text  Demographics  
Do you have any additional education outside your 
sport? (for example, teaching/coaching/science degree) 
Multiple choice No 
Yes(please specify) 
Demographics  
How many national level athletes do you regularly 
coach/manage (competing at national or international 
competition)? 
Free-text  Demographics  
Avoiding injury can improve an athlete’s ability to 
perform. 
Likert scale*  Perception of effect on 
performance 
8.2.9 
The athletes in my sport are at high risk of injury. Likert scale*  Perception of risk 8.2.9 
Injuries have a negative impact on athletic performance. Likert scale*  Perception of effect on 
performance 
8.2.9 
Injuries can shorten a professional athlete’s career. Likert scale*  Perception of seriousness 8.2.9 
Injuries can cause physical problems later in life. Likert scale*  Perception of seriousness 8.2.9 
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Question Question Type 
Question/response 
options Reasons for inclusion^ 
Research question 
addressed 
Injuries have a negative impact on an athlete’s quality of 
life. 
Likert scale*  Perception of seriousness 8.2.9 
It is possible to prevent some injuries in my sport. Likert scale*  Perception of benefit 8.2.9 
Exercises which can minimise injuries should be 
performed by athletes in my sport. 
Likert scale*  Perception of benefit 8.2.9 
When should exercises to prevent injuries be 
performed? 
Multiple choice As part of 
individual/club training 
Separate to 
individual/club training 
Both of the above 
Other(please specify) 
Perception of control 8.2.9 
Exercises to prevent injuries should be varied and 
progressed over time. 
Likert scale*  Perceptions of role in 
implementing injury 
prevention 
8.2.9 
Exercises which have been scientifically proven to 
prevent injuries should be incorporated into the daily 
training of athletes in my sport. 
Likert scale*  Perceptions of role in 
implementing injury 
prevention 
8.2.9 
The following types of exercise can prevent injuries:   Perception of benefit 8.2.9 
Warm--up jog/run Likert scale*    
Cool--down jog/run Likert scale*    
Eccentric muscle strengthening Likert scale*    
Controlled jumping and landing Likert scale*    
Controlled changes in direction (cutting) Likert scale*    
Balance exercises Likert scale*    
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Question Question Type 
Question/response 
options Reasons for inclusion^ 
Research question 
addressed 
Who is responsible for preventing injuries in your sport? Check box (tick 
as many as 
appropriate) 
 
Athlete 
Coach 
Assistant coach 
Trainer 
(strength/conditioning) 
Physiotherapist 
Massage therapist 
Doctor 
Sports Doctor 
Other(please specify) 
Perception of 
responsibility 
8.2.11 
Who holds the ultimate responsibility for preventing 
injuries in your sport? 
Multiple choice Athlete 
Coach 
Assistant coach 
Trainer 
(strength/conditioning) 
Physiotherapist 
Massage therapist 
Doctor 
Sports Doctor 
Other(please specify) 
Perception of 
responsibility 
8.2.11 
Please write any factors you think could make it easier 
for an athlete/club to maintain an injury prevention 
strategy over time. 
Free-text  Identification of 
facilitators 
 
Please write any factors you think could make it harder 
for an athlete/club to maintain an injury prevention 
strategy over time 
Free-text  Identification of barriers  
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Question Question Type 
Question/response 
options Reasons for inclusion^ 
Research question 
addressed 
How much time is appropriate for a warm--up session at 
the start of individual/club training? 
Multiple choice Less than 5 minutes 
5 minutes 
10 minutes 
15 minutes 
20 minutes 
25 minutes 
30 minutes 
35 minutes 
More than 40 mins 
Other(please specify) 
Reported use of basic 
injury prevention 
practices 
8.2.9 
Avoiding illness can improve an athlete’s ability to 
perform. 
Likert scale*  Perception of effect on 
performance 
8.2.9 
The athletes in my sport are at high risk of illness. Likert scale*  Perception of risk 8.2.9 
Illnesses have a negative impact on athletic 
performance. 
Likert scale*  Perception of effect on 
performance 
8.2.9 
Illnesses can shorten a professional athlete’s career. Likert scale*  Perception of seriousness 8.2.9 
Illnesses can cause problems later in life. Likert scale*  Perception of seriousness 8.2.9 
Illnesses have a negative impact on an athlete’s quality 
of life. 
Likert scale*  Perception of seriousness 8.2.9 
It is possible to prevent some illnesses in my sport. Likert scale*  Perception of benefit 8.2.9 
Practices which have been scientifically proven to 
prevent illnesses should be performed by athletes in my 
sport. 
Likert scale*  Perception of benefit 8.2.9 
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Question Question Type 
Question/response 
options Reasons for inclusion^ 
Research question 
addressed 
When should athletes be informed about how to 
prevent illnesses? 
Multiple choice As part of 
individual/club training 
Separate to 
individual/club training 
Both of the above 
Other(please specify) 
Perception of control  
Strategies to prevent illnesses should be varied and 
reinforced over time. 
Likert scale*  Perceptions of role in 
implementing injury 
prevention 
8.2.9 
Strategies which have been scientifically proven to 
prevent illnesses should be incorporated into the daily 
training of athletes in my sport. 
   8.2.9 
The following strategies can help to prevent illnesses:   Perception of benefit 8.2.9 
Regular, consistent training Likert scale*    
Training load management Likert scale*    
Clean environments and equipment Likert scale*    
Restriction of training for those that are ill Likert scale*    
Training harder for longer without rest Likert scale*    
Having a dedicated rest day per week Likert scale*    
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Question Question Type 
Question/response 
options Reasons for inclusion^ 
Research question 
addressed 
Who is responsible for preventing illnesses in your 
sport? (tick as many as appropriate) 
Check box (tick 
as many as 
appropriate) 
 
Athlete 
Coach 
Assistant coach 
Trainer 
(strength/conditioning) 
Physiotherapist 
Massage therapist 
Doctor 
Sports Doctor 
Other(please specify) 
Perception of 
responsibility 
8.2.11 
Who holds the ultimate responsibility for preventing 
illnesses in your sport? 
Multiple choice Athlete 
Coach 
Assistant coach 
Trainer 
(strength/conditioning) 
Physiotherapist 
Massage therapist 
Doctor 
Sports Doctor 
Other(please specify) 
Perception of 
responsibility 
8.2.11 
Please write any factors you think could make it easier 
for an athlete/club to maintain an illness prevention 
strategy over time. 
Free-text  Identification of 
facilitators 
 
Please write any factors you think could make it harder 
for an athlete/club to maintain an illness prevention 
strategy over time. 
Free-text  Identification of barriers  
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Question Question Type 
Question/response 
options Reasons for inclusion^ 
Research question 
addressed 
Do you already use any injury/illness prevention 
methods with your athletes or in your club? 
Free-text  Report of current 
prevention methods 
8.2.9 
Please feel free to add any further information which 
you feel is important. 
Free-text  Capture of additional 
information 
 
Footnotes to Table 8: *Likert scale response options were the same across all questions. Strongly disagree / Disagree / Neutral / Agree / Strongly agree. 
^Reasons for inclusion are based off HAPA and HBM constructs: control, responsibility, risk, seriousness, benefits, and barriers. 
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16.2.2. Injury and illness workshop presentation slides 
  
Injury and Illness 
– the underrated opponents ?
Sally Bromley
Michael Drew
Getting to know you
What do we already know about 
injury/illness?
Mission objective:
To increase the number of tools in your 
injury/illness prevention kit, so your 
athletes can train longer and harder 
without injury/illness.
Learning objectives:
1. Know the prevention process
3. Recognise risky situations and behaviours
4. Understand what to do
2. Identify common injuries/illnesses
Prevention process
What?
How?
When? Why?
Who?
What can we do? Practice
What’s different 
between practice 
and test?
Test
TRIPP MODEL
CANCER
Inactive
Older
Poor diet
Smoking
Prevention process
What?
How?
When? Why?
Who?
What can we do? Practice
What’s different 
between practice 
and test?
Test
TRIPP MODEL
CANCER
Inactive
Older
Poor diet
Smoking
Prevention process
What?
How?
When? Why?
Who?
What can we do? Practice
What’s different 
between practice 
and test?
Test
TRIPP MODEL
CANCER
Inactive
Older
Poor diet
Smoking
Prevention process
What?
How?
When? Why?
Who?
What can we do? Practice
What’s different 
between practice 
and test?
Test
TRIPP MODEL
CANCER
Inactive
Older
Poor diet
Smoking
Prevention process
What?
How?
When? Why?
Who?
What can we do? Practice
What’s different 
between practice 
and test?
Test
TRIPP MODEL
CANCER
Inactive
Older
Poor diet
Smoking
Prevention process
What?
How?
When? Why?
Who?
What can we do? Practice
What’s different 
between practice 
and test?
Test
TRIPP MODEL
CANCER
Inactive
Older
Poor diet
Smoking
TRIPP MODEL
What can we do?
Prevention process
TRIPP MODEL
Injuries and 
illnesses? (What?)
How?
When? Where?
Who?
What can we do? Practice
Refine Test
Sport group discussion:
Injuries and 
illnesses? (What?)
Body location?
Type?
Duration?
SEVERE
COMMON
Sport group discussion:
Age? Gender?
Weight category?
Belt? Training age?
Who?
Sport group discussion:
Activity?
Other factors… Diet? Sleep? Fatigue? 
Mismatch of training partners?
How?
Sport group discussion:
What location?
Competition or training?
Home or away?
Where?
Sport group discussion:
Time of day?
Which part of the session?
Training phase?
When?
What did we find?
Sport group discussion:
Injury
How?
When? Where?
Who?
What can we do?
Practice
What’s different 
between practice 
and test?
TetPrimary – remove or 
lower risk factors
Secondary – early 
warning signs, 
preventative treatments
Tertiary – reduce the 
chance of it happening 
again
Prevention process
TRIPP MODEL
Injuries and 
illnesses? (What?)
How?
When? Where?
Who?
What can we do? Practice
What’s different 
between practice 
and test?
Test
Reflection and questions
[131] 
 
16.2.3. Injury and illness workshop handouts 
  
COMMON SEVERE
COMMON SEVERE
1 1
2 2
3 3
TOP 3 INJURIES
INJURY (WHAT?)
WHO?
HOW?
WHERE?
WHEN?
Remove/control risk factors
Early detection/treatment
Rehab/management
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16.2.4. Table 9 – Individual Mann-Whitney analysis of each survey question investigating the differences between survey responses (pre-workshop 
survey=1, post-workshop survey=2, follow-up survey=3). 
Theme Question 
Survey 1 
Median(IQR) 
Survey 2 
Median(IQR) 
Mann-Whitney 
Survey 1 & 2(p) 
Survey 3 
Median(IQR) 
Mann-Whitney 
Survey 2 & 3(p) 
Injury risk and 
seriousness 
The athletes in my sport are at high risk of injury. 4(4-4) 4(3-5) 0.5358 3(3-4) 0.5348 
 Injuries have a negative impact on athletic 
performance. 
5(3-5) 5(4-5) 0.5713 4(4-5) 0.4094 
 Injuries can shorten a professional athlete’s career. 5(4-5) 4(4-5) 0.8179 4(4-5) 0.5109 
 Injuries can cause physical problems later in life. 4(4-5) 4(4-5) 0.9497 4(4-5) 0.4579 
 Injuries have a negative impact on an athlete’s quality 
of life. 
4(3-5) 4(4-5) 0.2463 4(3-5) 0.3143 
Prevention 
exercise 
Avoiding injury can improve an athlete’s ability to 
perform. 
4(4-5) 5(4-5) 0.3432 4(4-5) 0.2629 
 It is possible to prevent some injuries in my sport. 4(4-5) 4(4-5) 0.7967 4(4-5) 0.8640 
 Exercises which can minimise injuries should be 
performed by athletes in my sport. 
4(4-5) 5(4-5) 0.8702 5(4-5) 0.6374 
 Exercises to prevent injuries should be varied and 
progressed over time. 
4(3-5) 4(4-5) 0.2710 4(4-5) 0.4579 
 Exercises which have been scientifically proven to 
prevent injuries should be incorporated into the daily 
training of athletes in my sport. 
4(4-5) 4(4-5) 0.3982 4(4-5) 0.7651 
 Warm--up jog/run can prevent injuries 4(4-5) 4(4-5) 0.8736 5(4-5) 0.6873 
 Cool--down jog/run can prevent injuries 4(4-5) 4(4-5) 0.8469 4(4-5) 0.4237 
 Eccentric muscle strengthening can prevent injuries 4(4-5) 4(4-5) 0.7358 4(4-5) 1.0000 
 Controlled jumping and landing can prevent injuries 4(4-5) 4(4-5) 0.4255 5(4-5) 0.7360 
 Controlled changes in direction (cutting) can prevent 
injuries 
4(4-5) 5(4-5) 0.3032 4(4-5) 0.7303 
 Balance exercises can prevent injuries 
 
4(4-5) 4(4-5) 0.3237 4(4-5) 1.0000 
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Theme Question 
Survey 1 
Median(IQR) 
Survey 2 
Median(IQR) 
Difference 
between Survey 
1 & 2 (p) 
Survey 3 
Median(IQR) 
Difference 
between Survey 
2 & 3 (p) 
Illness risk and 
seriousness 
The athletes in my sport are at high risk of illness. 3(2-3) 3(3-4) 0.0478* 3(3-4) 0.3607 
 Illnesses have a negative impact on athletic 
performance. 
4(4-5) 4(4-5) 0.6856 4(4-5) 0.2888 
 Illnesses can shorten a professional athlete’s career. 4(3-5) 4(4-5) 0.5719 3(3-4) 0.1400 
 Illnesses can cause physical problems later in life. 4(3-5) 4(3-4) 0.8059 4(3-4) 0.3609 
 Illnesses have a negative impact on an athlete’s quality 
of life. 
4(3-4) 4(4-5) 0.5719 4(3-5) 0.3143 
Prevention 
practices 
Avoiding illness can improve an athlete’s ability to 
perform. 
4(4-5) 4(4-5) 0.5265 4(4-5) 0.2888 
 It is possible to prevent some illnesses in my sport. 4(3-5) 4(4-5) 0.1525 4(4-5) 0.5892 
 Practices which have been scientifically proven to 
prevent illnesses should be performed by athletes in 
my sport. 
4(4-5) 4(4-5) 0.7982 4(4-5) 0.2888 
 Strategies to prevent illnesses should be varied and 
reinforced over time. 
4(4-5) 4(4-4) 0.4095 4(4-5) 0.9517 
 Strategies which have been scientifically proven to 
prevent illnesses should be incorporated into the daily 
training of athletes in my sport. 
4(4-5) 4(4-5) 0.6243 4(4-5) 0.3098 
 Regular, consistent training can help to prevent illness 4(4-5) 4(4-5) 0.9266 4(4-5) 1.0000 
 Training load management can help to prevent illness 4(4-5) 4(4-5) 0.4241 4(4-5) 0.4795 
 Clean environments and equipment can help to 
prevent illness 
4(4-5) 5(4-5) 0.1050 4(4-5) 0.3329 
 Restriction of training for those that are ill can help to 
prevent illness 
4(4-5) 4(4-5) 0.5563 4(4-5) 1.0000 
 Training harder for longer without rest can help to 
prevent illness 
2(1-3) 2(1-2) 0.9506 2(1-2) 0.4237 
 Having a dedicated rest day per week can help to 
prevent illness 
4(4-5) 5(4-5) 0.0812 4(4-5) 0.8597 
Footnote to Table 9: *Denotes significance for easy reference.  
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16.2.5. Table 10 – Barriers and facilitators to maintaining an injury and illness prevention programme over time, arranged according to major themes and 
sub-themes (n=16) 
Major Theme 
Survey 
Framework Subtheme Free-text responses*  
Injury prevention programme 
content or nature 
Facilitators Athlete Core stability exercises, full faced head guard, dentist mouthguard, Vaseline, 
stretching 
   Space awareness 
  Club Provided possible warm up and or cool down sequence that could be used at a club 
level that helps target injury prevention 
  Team staff Common sense and a sound coaching knowledge of your sport and the injuries that 
can occur associated with your sport 
 Barriers Athlete Boredom[SIC] 
  Organisation Athlete’s[SIC] part time and working full time, Northern Territory[SIC] not having 
funding to support high performance management of athletes 
Injury prevention delivery and 
support 
Facilitators Athlete Openness with coach on any pre-existing or new issues 
  Club Having proper equipment and experience in the training content 
  Organisation Good communication[SIC] / education – multidiscipline approach [SIC] 
   Increased awareness of prevention strategies[SIC] 
   Education and incorporate in training sessions  
   Education of coaches 
   Coaching training committee and athlete monitoring athletes, finding solutions to 
having high performance team in place 
  Team staff Good coaches 
   Education, time and self-management[SIC] 
   Good planning of training sessions  
 Barriers Athlete Life pressures such as work/study/relationships 
   Lack of education, time, funds to receive treatment 
   Being slack 
  Club Inconsistent training sessions  
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Major Theme 
Survey 
Framework Subtheme Free-text responses  
   Ignorance, poor practice 
  Organisation Poor connection with para medical professions 
   Lack of care from coaches, bad culture 
   Time or coach presence 
   Competition and selection pressures, access to physio via cost 
   Intensive overseas training without coach support 
  Team staff Neglect[SIC] 
   Change of coaching styles and environments 
   Control over your class 
   Lack of knowledge and poor coaching strategies 
Illness prevention programme 
content or nature 
Facilitators Club Restrict training for those that are ill 
  Organisation Information on bad lifestyle and eating habits 
   Education 
   Awareness of prevention methods 
  Physical 
environment/Clu
b 
Maintaining a clean and healthy environment to train in 
  Team staff Control their[SIC] work load 
   Knowing your players training levels 
 Barriers Athlete Athlete not wanting it 
Illness prevention delivery and 
support 
Facilitators Organisation Great national body, national strategies[SIC] 
   Regular check ups 
   Education  
   Education of coaches 
  Physical 
environment 
Healthy environment with informed practice that has met conditions of international 
body 
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Major Theme 
Survey 
Framework Subtheme Free-text responses  
  Team staff Constant reinforcements 
   Effective coach/athlete communication 
 Barriers Athlete Dedication of athlete, lack of information 
   Hiding illness 
   Over training  
  Club Athletes and coaches that insist on training whilst ill 
   People not[SIC] informing club of illness,  lack of education for team 
  Organisation Time and resources 
   Bad culture[SIC] 
   Access to information[SIC], environment, cultural differences[SIC] 
   Ignorance 
   Lack of education  
   Overseas training of athlete without coach support 
  Physical 
environment 
Dirty training equipment 
*Footnote to Table 10: The grammar and spelling of free-text quotes were corrected to improve readability. The term [SIC] is utilised show where this has 
occurred in the above table and throughout the chapter.
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16.3. ETHICS 
16.3.1. PROJECT B15-143 – Training load study supporting document – Letter of support from 
Judo Federation of Australia 
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16.3.2. PROJECT B15-143 – Training load study supporting document – Approval 
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16.3.3. PROJECT C15-013 – Training load study supporting document – Approval for use of 
existing data 
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16.3.4. PROJECT A16-023 – Pilot of epidemiological study supporting document - Approval 
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16.3.5. PROJECT A16-023 – Pilot of epidemiological study letter of support from the Australian 
Institute of Sport 
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16.3.6. PROJECT A16-023 – Pilot of epidemiological study letter of support from Boxing Australia 
Limited 
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16.3.7. PROJECT A16-023 – Pilot of epidemiological study letter of support from Judo Federation 
of Australia 
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16.3.8. PROJECT B17-027 – Translation project supporting document – Approval  
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